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INTRODUCTION 


During the last few decades increasing interest has been 
focused on the various types of encephalitis. It was the pane- 
demic of von Economo’s disease — encephalitis lethargica — 
in the nineteen-twenties that prompted world-wide interest in 
these diseases of the central nervous system. Although von 
conomo’s disease is now rare, the encephalitides still attract 
research. 

Attention is directed mainly to two aspects of these diseases: 
the etiology and the sequels. Only in a small proportion of 
the cases has it been possible to demonstrate the causal agent. 
As to the sequels of the encephalitides, the appearance of 
after-effects in clinically severe cases of encephalitis was 
hardly astonishing, but it was soon realised that even very 
mild cases of encephalitis, which might easily escape detection 
by an untrained physician, are also capable of producing mark- 
ed aberrations in personality and behaviour. Follow-up studies 
of encephalitis have been reported, but, as a rule, the material 
investigated consisted mainly of adults in whom the primary 
symptoms had been severe. No extensive follow-up studies of 
children are on record. On the other hand, several research 
workers have made retrospective studies of children with be- 
haviour disorders and thereby attributed abnormal personality 
traits to supposed earlier encephalitis. According to BENDER 
(1946), “the diagnostic criteria for post-encephalitic behaviour 
disorders are now considerable. Even without a history of the 
specifie etiologic factor or evidence of the specific pathology, 
the clinicai diagnostic methods which may be applied to the 
various fields of behaviour are sufficient to establish a dia- 
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At the Department of Pediatrics, University of Lund, special 
attention has been directed even to the very mild forms of 
meningo-encephalitis. It was therefore considered of interest to 
study a collection of these cases for the purpose of getting an 
idea of the types of the disease occurring in children and, se- 
condly, to follow up the children in order to form an opinion 


of the late prognosis. 
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CHAPTER I 


MENINGO-ENCEPHALITIDES 


DEFINITION AND CLASSIFICATION OF 
MENINGO-ENCEPHALITIS 


Meningo-encephalitis is a term used to denote an inflamma- 
tion of the central nervous system, but it is no easy matter to 
describe what changes are to be understood by, or included in 
the scope of this name. VESTERGAARD (1949) defined meningo- 
encephalitis as an inflammation of the central nervous system 
caused by an infectious agent producing neurologic and general 
symptoms of infection as well as histologic signs of inflamma- 
tion of the central nervous system. However, only few of the 
accepted types of encephalitis fill all of these requirements. As 
to the demonstration of the causal agent, this is not difficult 
as far as the bacterial meningo-encephalitides are concerned, 
but in the non-bacterial types it is rarely possible (ALM, 1951). 
Not even in patients with encephalitis lethargica has it been 
possible to demonstrate any virus. Neither is the disease always 
attended by symptoms of infection, for fever is by no means 
a regular accompaniment. As to the histologic changes, it is 
often difficult to decide wether they should be regarded as 
signs of inflammation. The characteristics of an inflammatory 
disease of the central nervous system are (1) exudative changes 
perivascular edema, perivascular cell infiltration of mesen- 
chymal cell elements), (2) proliferative changes (proliferation, 
above all, of the microglia) and (3) alterative changes (damage 
to the ganglion cells, demyelination). But the same type of 
changes are seen in association with non-inflammatory diseases 
of the CNS, such as the reaction of the cerebral parenchyma 
to different types of injury, tumour, vascular disturbances or 
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the like 
a true inflammation of the CNS need not always completely 
fill this triad: if, for example, the infection is extremely mas- 
sive, it may preclude the evolution of the defensive reaction 
(GLOBUS, 1932). 

If we regard “inflammation as a defensive reaction on the 


an “inflammatory reaction”. On the other hand. 


part of the organism, in which the local vascular and supporting 
tissue components of the organ or region involved are mobilised 
to ward off, to destroy the invading disturber or to neutralise 
its effects and to protect the neighbouring uninvolved tissue”. 
meningo-encephalitis may be defined as “an inflammatory 
disease of the brain, of infectious origin, no matter whether 
or not the infectious agent is identified” (GLOBUS, 1932). 

According to this conception, the virus need not be located 
in the CNS, and the reaction of the CNS may be ascribed to 
the presence of some toxin or allergy, for example. On the other 
hand, it does not include CNS-involvement by the injurious 
effect of such chemical agents as lead, arsenic, alcohol, or 
cerebral symptoms due to endotoxins, e. g. in uremia, diabetic 
coma or the like. 

The present investigation is only concerned with the non- 
bacterial meningo-encephalitides. 

As the causal agent is often unknown, the diseases cannot be 
classed according to etiology: this has given rise to various 
classifications, none of which have been generally accepted. 

Some workers in this field have suggested classification 
according to the clinical picture, but as only few of the meningo- 
encephalitides produce a typical clinical picture, such as rabies. 
epidemic encephalitis and poliomyelitis, and then not regularly. 
classification on clinical grounds is hardly satisfactory. 

Finally, attempts were made to class the types according 10 
the histologic picture. The probably best classification on his!o- 
logic grounds is that presented by SpatTz (1930). He described 
6 groups: (1) meningo-encephalitis (e. g. tuberculous), (2) met:- 
static encephalitis, (3) continuous polioencephalitis localised (o 
the telencephalon (general paralysis), (4) focal poliomyeli'is 
localised to the brain stem (e.g. von Economo’s diseas: 
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(5) encephalomyelitis — with focal demyelination (acute mul- 
tiple sclerosis), (6) diffuse perivenous encephalitis (after vacci- 
nation, epidemic diseases of childhood). PETTE (1942) simpli- 
fied the histologic classification and defined (1) encephalitis 
involving mainly the grey matter and (2) encephalitis involving 
mainly the white matter. 

It is, as a rule, not possible to deduce the type of encephalitis 
from the histologic picture alone, because different viruses can 
produce one and the same histologic appearance, and each of 
the post-infectious encephalitides, for example, is capable of 
producing a wide variety of histologic pictures. 

As long as the etiology of the different types of encephalitis 
remains concealed, classification must necessarily present diffi- 
culties. 

Although it is not intended to suggest any new classification 
scheme, the following table of the different types of meningo- 
encephalitis encountered may facilitate the understanding of the 
later sections of the present investigation. The table is based on 
classifications suggested by HurRST (1936), RIVERS (1936), SABIN 
(1948), VESTERGAARD (1949), GREENFIELD (1950), LHERMITTE 
(1950), WALLGREN (1951), ForRD (1952), KELLER (1952), FINLEY 
(1953). 

It may be objected that the term non-bacterial meningo-ence- 
phalitides is misleading when referring to cases with clear-cut 
symptoms of encephalitis or meningitis only. It was nevertheless 
selected, because in most cases it is hardly possible to exclude 
involvement of the meninges or of the encephalon, as the case 
may be. This is also in line with the view expressed by WALL- 
GREN (1951), who suggested that it is best “Von dem Syndrom 
oder dem Krankheitsbild der akuten, abakteriellen Encephalo- 
meningit zu sprechen”. 

Bacterial, purulent meningo-encephalitides and meningo- 
encephalitides caused by protozoa (malaria, trypanosomiasis, 
toxoplasmosis, leptospirosis), richettsiae (typhus fever), spiro- 
chetes (syphilis) and fungi (torulosis) are not included in the 
table, 


Benign, lymphocytic meningitis (syn. acute aseptic meningitis, 
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Table 1. 


Non-bacterial meningo-encephalitides. 


Etiology 


Type of disease 


Histology 


Virus 


Virus? 
or 


Neuroallergy?| 


| A. Primary, spontaneous, meningo- 

| encephalitides (Polioencephalilides) 

il. acute lymphocytic choriomenigitis 

rabies 

| epidemic encephalitis Economo 

St. Louis encephalitis 

Japanese B encephalitis 

} equine encephalitis 

| Russian spring-summer 

encephalitis 

|2. poliomyelitis 

|  (C-virus meningitis 

| mumps encephalomeningitis 

| herpes simplex encephalitis 

zoster 

|3. large group of supposed but not 

proved viral origin 

iB. Secondary meningo-encephalitides 

(Leucoencephalilides) 

ipost infection meningo- 

| encephalitides I. 

1. following smallpox 
chickenpox 

measles 

rubella 

mumps 

| 2. after vaccination against 

smallpox 

rabies 

other conditions 


Toxic effect? |Post infection meningo- 


or 


Neuroallergy?| 


| encephalitides II. 
after influenza 

| pneumonia 
scarlet fever 
pertussis 

| rhinopharyngitis 
dyspepsia 


| C. Special types. 


|\Cytomegalic inclusion encephalitis 
| (DAWSON, 1933) 
|Einheimische Panencephalitis 


| (PETTE-DORING, 1939) 
/Leucoencéphalite sclérosante sub- 
| aigué (v. BOGAERT, 1945) 


Involvement chiefly of the gray matte 
with ganglion cell destruction, pe: 
vascular and tissue lymphocytic iv- 
filtration and microgliosis. 


Involvement chiefly of the white mat: 
ter where perivenous cell infiltratior 
and demyelination are seen 
“perivenous encephalitis” 


Wide range of changes from hype! 
emia and edema of the meninges ali 
parenchyma to vascular proliferatio 
and hemorrhages mainly in the whit 
matter. “acute toxic encephalopathy 
“toxic productive encephalitis” 
“hemorrhagic encephalitis” 
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meningitis serosa) is not included, because this is a syndrome 
that can be produced by a multiplicity of diseases (FANCONI, 
1939, WALLGREN, 1951) such as aparalytic poliomyelitis, mumps 
without swelling of the glands, acute lymphocytic choriome- 
ningitis and C-virus meningitis. All viral meningo-encephalitides 
are probably capable of producing the clinical picture of benign, 
lymphocytic meningitis. 

The first group of viral meningo-encephalitides given in 
table 1 are not known in Sweden. St. Louis encephalitis, western, 
eastern equine encephalitis, Japanese B encephalitis and the 
{ussian spring-summer encephalitis are seasonal; they occur 
only during the warm months and are transmitted by insects. 
Rabies and lymphocytic choriomeningitis are transmitted by 
animal secretions or excreta. In all of these types the virus is 
specifically neurotropic, i.e. the virus attacks the central ner- 
vous system only. 

In the second group of viral meningo-encephalitides the virus 
need not be neurotropic, i.e. the disease may not produce any 
neurologic symptoms, but appear as a catarrhal stage of polio- 
myelitis, as myalgia epidemica of C-virus infection, thus only 
with general symptoms of any of these diseases. But in some 
unknown proportion of the cases the CNS is involved. Some- 
limes it is only the CNS involvement that produces symptoms, 
such as in mumps with neurologic symptoms but without 
¢landular swelling. 

The third group in which the virus is surely the causal agent 
is the largest, at least as far as Sweden is concerned. Of 1446 
cases of meningo-encephalitis in Gothenburg, the causal agent 
could not be demonstrated in 85 per cent (ALM, 1951). These 
1446 cases did not include the large group of post-infection 
meningo-encephalitides. 

The post infection meningo-encephalitides are grouped ac- 
cording to their appearance after exanthemic diseases of child- 
ren and after vaccination and serum injection, on the one hand, 
and after other infections diseases, on the other hand, most of 
which are of bacterial origin. It might be useful in this con- 
nection to dwell briefly on the lively discussion about the 
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etiology and pathogenesis of these types of meningo-ence- 
phalitis. 

As to the meningo-encephalitides following exanthematous di- 
seases and vaccination, three theories have been suggested con- 
cerning the neurologic symptoms: 

1) The neurologic symptoms are caused by a latent virus 
present in the body and activated by some primary disease. 

This hypothesis is based on the observation that the histologic 
changes seen in the CNS do not vary with the type of primary 
disease, and it was assumed that different diseases could hardly 
produce a common histologic appearance in the CNS. However. 
this theory rests on ill-founded grounds: it does not consider 
the fact that an organ is capable of reacting in one and the 
same way to different agents, nor has it ever been possible to 
demonstrate the virus in the CNS in any of these cases. 
The histologic picture differs widely from that of any known 
viral infection of the CNS. In the viral meningo-encephalitides 
the changes are seen mainly in the grey matter, e. g. polio- 
encephalitis with ganglion cell destruction, perivascular and 
tissue lymphocytic infiltration and microgliosis. In the post- 
infection type of meningo-encephalitis it is mainly the while 
matter that is involved, e. g. leuco-encephalitis with perivenous 
edema, perivenous cell infiltration and subsequently perivenous 
demyelination, while the ganglion cells usually remain intact. 
Moreover, the clinical picture, despite its pleomorphism, shows 
traits characteristic of the primary disease. Thus in meningo- 
encephalitis following chicken-pox the picture is dominated by 
symptoms referable to the cerebellum; in post-measles meningo- 
encephalitis, by symptoms of myelitis. The prognosis also varies 
with the primary disease. Finally, this theory provides no satis- 
factory explanation for those cases in which the cerebral 
symptoms appear immediately before the clinical onset of the 
primary disease. 

2) The second theory suggests that the symptoms are due 
to the virus of the primary disease, which is believed to be 


neurotropic. 
In only few cases has it been possible to demonstrate ‘he 
primary virus in the CNS (SHAFFER, RAKE & HODEs 1942), jut 
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this is perhaps due to imperfect technique rather than to the 
absence of virus. Mumps meningo-encephalitis provides a school 
example of this. An objection raised against this theory, as in 
that described above, is that the histologic picture will not fit 
in with that of other known viral diseases of the CNS. This 
objection is also supported by observations made in experi- 
ments in which the rabies virus and the small-pox virus were 
injected intracerebrally: the animals showed symptoms of me- 
ningitis, but in none did the histologic picture of human peri- 
venous encephalitis appear. However, SIEGERT (1952), who in- 
jected a bacteria-free suspension of small-pox vaccine virus 
intralumbarly into experimental animals, reported the develop- 
ment of a picture, which both clinically and histologically re- 
sembled that seen in human post-vaccination encephalitis. He 
expressed the view that earlier failures were ascribable to the 
presence of bacteria in the virus suspension. 

3) The third theory supposes the symptoms to be a mani- 
festation of neuro-allergy. This hypothesis has been fairly wi- 
dely accepted (GLANZMAN 1927, RIVERS 1936, PETTE 1942, 
FERRARO 1944, v. BOGAERT 1948, FINLEY 1950, LHERMITTE 
1950). This line of thought was first suggested by GLANZMAN 
in 1927. An observation arguing in favour of this theory is that 
the neurologic symptoms do not appear until a certain time, 
usually 7—10 days, after the onset of the primary disease. 
PETTE (1952) summarised his point of view as follows: »Die 
neuralen Symptome setzen ohne besondere Prodromalerschein- 
ungen akut und innerhalb eines bestimmten Zeitraumes nach 
Beginn einer Infektionskrankheit oder nach erfolgter Impfung 
usw. ein. Anatomisch zeigt sich, wenn wir die Vorgange nach 
den aus den verschiedenen Stadien vorliegenden Befunden in 
dynamischer Betrachtung rekonstruieren, dass der Prozess im 
Initialstadium durch eine Erweiterung der Gefiisse sowie Aus- 
trilt von Plasma und Zellelementen durch eine funktionell ge- 
schadigte Gefasswandung und im zweiten Stadium durch einen 
parenchymzerfall (Markscheiden mehr als Achsenzylinder, 
wobei die Ganglienzellen weitgehend erhalten bleiben) mit re- 
aktiver Gliawucherung gekennzeichnet ist.<« 
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Experimental evidence has also been produced in favour of 
this theory. These experiments were based on the picture of 
encephalomyelitis after vaccination against rabies, a disease 
for which it might be tempting to suppose that the neurologic 
symptoms are due to sensitisation of the brain in association 
with the repeated injections of rabies vaccine. RIVERS & 
SCHWENTCKER (1935), who repeatedly injected rabbit brain into 
monkeys, reported subsequent histologic changes in the form 
of disseminated inflammation of the central nervous system 
with focal demyelination. By adding FREUND’s adjuvant (heat- 
killed tubercle bacilli, aquaphor and paraffin oil) to the emul- 
sion of brain substance is is possible to decrease the necessary 
number of injections: a single injection of this mixture of 
heterologic or homologic brain substance is sufficient to pro- 
duce similar changes in monkeys, rabbits, guineapigs and hogs. 
(FERRARO 1944, MORGAN 1946, MORRISON 1947, KABAT, WOLF & 
BAZER 1947 and FoG & BARDRAM 1953). 

They supposed the anti-bodies produced by the injection of 
brain tissue would pass out of the capillaries to react with the 
central nervous system of the animal to produce the disease. 

It is, however, debatable whether such a sequence of events 
can be considered for human post-infection meningo-encephali- 
lides, it being difficult to imagine from where antibodies against 
brain tissue should be derived and, secondly, how such anti- 
bodies can pass the blood-brain-barrier. On the other hand. 
the theory supposing allergic etiology does not require the 
assumption of such a chain of pathogenetic changes; it not 
sounding unreasonable to suppose that the allergic reaction 
may take place in the wall of the cerebral vessels, damage to 
the brain tissue being secondary to the vascular disturbance 
(cf. PETTE’s point of view referred to above). 

It may thus be concluded that no unanimity has been attained 
concerning the etiology of meningo-encephalitides following 
exanthematous diseases or vaccination: some workers in {!iis 
field believe it to be due to the virus causing the primary dise:se. 
while others suppose neuro-allergy. A question that then pre- 
sents itself is whether both types of mechanisms may be i1- 
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volved, for it is beyond doubt that the virus of the primary 
disease can produce such neurologic symptoms and, as far as 
the mumps virus is concerned, it has been proved (OLDFELDT, 
1949). On the other hand, neuro-allergy cannot be excluded 
in those cases in which the neurologic symptoms appear 1 week 
after the onset of the primary disease, by when the clinical 
symptoms have more or less disappeared. The existence of both 
possibilities has been stressed by PETTE (1952) and MCNAIR 
ScoTT (1952). 

The next type of post-infection meningo-encephalitis to be 
considered is that seen after a wide range of infections including 
influensa, pneumonia, scarlatina, whooping-cough, rhino-pha- 
ryngitis, and dyspepsia, thus mostly in bacterial infections. In 
these cases the histologic picture varies widely from one patient 
to another. Sometimes the changes consist of mild hyperemia 
of the meninges and parenchyma of the brain and perivenous 
edema, in others the brain tissue is also edematous. Prolifera- 
lion of the vessel endothelium and the formation of new capil- 
laries are common, and sometimes thrombi are seen in the 
vessels. In severe cases, punctate haemorrhages and necrosis 
(hemorrhagic encephalitis) are seen. The changes are most 
pronounced in the white matter. Secondary demyelination often 
presents a picture resembling that seen in perivenous encepha- 
litis after exanthematous diseases and vaccination. The ganglion 
cells are usually intact, but in the more severe cases toxic 
injury may be seen in the form of cloudy swelling, chromato- 
lysis and vacuolation. 

It is widely believed that these types of meningo-encephalitis 
are of toxic origin, but some research workers are more inclined 
lo assume a toxic-allergic origin. But, independently of the 
origin, the clinical picture and the histologic changes are si- 
milar. The predominant features are vascular reaction and a 
secondary effect on the parenchyma of the brain. 

An unsought question is whether there is any true difference 
between the various types of post-infection meningo-encephalitis. 
They all show more or less the samme clinical picture, and the 
histologic picture varies in grade rather than in type: this thus 
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suggests variation in the intensity of the individual reaction 
to different etiologic agents, bacteria or viruses, which by 
means of their toxin produce a reaction either directly or via 
a toxic allergic reaction. LHERMITTE (1950) distinguishes het- 
ween post-infection encephalitis after exanthematous diseases 
of childhood (which he attributes to neuro-allergy) and hemorr- 
hagic encephalitis after other types of infection (which he 
believes to be due to circulatory disturbances). He then goes 
on to say: «Toutefois il est vraisemblable que certains d’enire 
eaux, au moins, relévent d'un mécanism allergique, de telle 
sorte, que l’on est en droit de se demander, a titre d’hypothese. 
si les processus si différents des accidents hémodynamiques et 
de Vencéphalite périveineuse ne répondent pas au méme mé- 
canisme fondamental, c’est-a-dire s’ils ne représentent pas deux 
variétés de la réaction de Vorganisme au cours d’une méme 
maladie. » 

The last group in table 1 (Cytomegalic inclusion encephalilis. 
Einheimische Panencephalitis and Leuco-encéphalite scléro- 
sante subaigué) includes some special types of encephalitis 
which are rare and not yet properly understood. In recent 
vears, however, more and more cases have been reported 
(GREENFIELD 1950, CAMPBELL et al. 1952, CRAMER & GUTEWA 
1953, FOLEY & WILLIAMS 1953, PAARMANN 1953). This incre- 
asing frequency is probably explained by the assumption that 
these encephalitides were formerly more often classed as de- 
generative cerebral diseases. In some respects they resemble one 
another both clinically and histologically, and it is still deba- 
table whether they are of different origin or simply variants 
of one and the same clinical entity. This uncertainty was «lso 
stressed by PETTE (1952), who said »iiberschauen wir die bisher 
bekannt gewordenen Fille, so kann kein Zweifel sein, dass wir 
es mit Krankheitsformen zu tun haben, die einander zuminiest 
sehr nahe stehen, jedenfalls klinisch wie anatomisch. Mehr zu 
sagen ist unméglich, solange wir das ausl6sende Agens nicht 
kennen.< 

These types are seen mostly in infants and school children. 


in whom they produce a fairly uniform clinical picture: psy- 
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: chiatric symptoms leading to complete dementia, pronounced 
, motor disturbances and convulsions as well as extra-pyramidal 
: symptoms. Cachexia progresses and death occurs within weeks 
; to months. The cerebrospinal fluid shows no signs of a patho- 
logic condition. 
' Histologic changes are seen both in the white and grey matter. 
. Perivascular infiltration of round cells and often abundant 
‘. plasma cells are seen; glial proliferation is common and 
. inclusion bodies in the ganglion cells are not infrequent 
‘ Although nothing can be said with certainty about the etio- 
| logy, a viral origin has been supposed, partly because the histo- 
logic picture is in some respects similar to that seen in Japanese 
: B and St. Louis encephalitides and, secondly, because of the 
above-mentioned inclusion bodies. 

SYMPTOMATOLOGY 
, Inflammation of the CNS is capable of producing a wide 
range of symptoms: this explains why it is seldom possible to 
‘ class primary viral encephalitides according to supposed causal 
t agent. Therefore most research workers in this field content 
| themselves with classification of their material according to 
the symptoms observed. It is usual to speak of meningitis, ence- 
i phalitis, encephalomyelitis and myelitis, according to which 
part of the CNS causes the dominant symptoms in a given case. 
; Especially wide is the range of symptoms seen in post-infection 
, encephalitides with the frequently associated multiple focal 
; lesions of the CNS. Forp (1952) suggested the following classi- 
, fication: (1) Symptoms of diffuse cerebral involvement of brief 
duration. (2) Signs of multipel focal or diffuse cerebral lesions. 
; (4) Cerebellar syndromes. (5) Spinal syndromes. (6) Optic syn- 
F dromes. ForD pointed out that a certain amount of overlapping 
is unavoidable in the classification of the syndroms. 
| MOLLER (1949 a) distinguished the following subsections 
A. {ncephalitis 
!. Diffuse cerebral involvement of brief duration 
: 2. Convulsions and hemiplegia (Pierre-Marie type) 
vilsby 
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3. Cases with preponderant mental symptoms 
4. a. Encephalitis of the upper brain stem 
b. Encephalitis of the lower brain stem 
B. Myelitis 
C. Encephalomyelitis 
D. Polyradiculoneuritis 
Meningitis 
F. Cases with neurologic symptoms which are either slight or 
difficult to construe (= Miscellaneous). 


The majority of cases in childhood and in adult age can be 
fitted into one of these sections, but the syndrome presented 
by infants is sometimes so diffuse that inflammation of the CNS 
may not be recognised unless the possibility of the disease is 
constantly borne in mind. The child may appear a little stiff, 
and lie stretched out, the eyes may roll, vomiting may be ob- 
stinate and the child may be fretty and palor may alternate 
with cyanosis, or the child may become listless and refuse to 
suck properly. The following case-abstract may help to convey 
an impression of the clinical picture. 

Case P 46. — The child was 4 weeks old. Delivery had been un- 
complicated and in the beginning development had been normal. Three 
days before admission the child had begun to cry and to be fretty. 
It would not suck. On admission. — The child had extensive thrush 
(Candida albicans). Temperature was normal. Sedimentation rate 
11 mm./hr. The child vomited repeatedly and lay stretched out, but 
no other neurologic symptoms were noted. However, lumbar puncture 
showed 158 cells/mm?, mainly lymphocytes, and it was positive for 
protein. Culture and guinea-pig inoculation with the cerebrospinal 
fluid were negative. Sugar in C.S.F. 11 mg./100 ml. At examination 
1 week later the cell count had diminished and was then 80 cells/mm’, 
and after a further week it was normal. The child was then symptom- 
free, vomiting had ceased and muscular hypertension had subsided 


This abortive form of the disease is more common than was 


formerly supposed. This was realised by PETTE (1952), who 
wrote: »Es erscheint mir wichtig, im Kindesalter auf die Formes 
frustes besonders sorgfaltig zu achten, hinsichtlich einer rich 
tigen Wertung etwa spater auftretender und ursachlich seis 
nicht zu klarender neuraler Schaéden (psychische 
Entwicklungshemmungen usw.).« 
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In cases in which the clinical picture is not clear enough to 
establish or exclude the presence of CNS affection, lumbar 
puncture is the only procedure available to clear up the 
diagnosis. 

Two questions then present themselves: Where should the 
line of distinction be drawn between normal and abnormal 
findings in the cerebrospinal fluid? and: Can, and if so, in what 


: manner, are the CSF findings influenced by lumbar puncture 
on some earlier occasion? This question is important because 

e the CSF findings are sometimes normal despite definite clinical 

J symptoms of nervous involvement and if the symptoms persist, 

S lumbar puncture is repeated. 

S As reports available on these points are both scanty and 


contradictory, the present investigation was extended to include 
. a study of these aspects of the problem. The results are sum- 


a marised in appendices I and II. 
) The frequently rapid and apparently complete disappearance 
y of the stormy and alarming symptoms seen in the acute stage 


of post-infection meningo-encephalitides is astonishing. This fa- 
vourable prognosis is due to the nature of the histologic changes. 
e In the initial stage there is only hyperemia and edema with 
impairment of cerebral function. In most cases the process does 
not proceed further, and the patients make a complete recovery. 
But if the process progresses and infiltrative and degenerative 
changes occur in the brain, symptoms may be obstinate and 
even permanent. 

| It should also be mentioned that affection of the CNS may 
be silent, i.e. it may produce no clinical symptoms. This is 
obvious from the fact that routine lumbar puncture of patients 
with different types of infection will often show asymptomatic 
pleccytosis of the CSF despite no neurologic symptoms. 


PROGNOSIS 


It is not possible to give any definite figures for the early 
provnosis of meningo-encephalitides, because they differ from 
one ‘ype to another, and, secondly, the criteria used for the 
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establishment of the diagnosis varies from one author to aiio- 
ther. Some regard meningo-encephalitis, aseptic meningitis «id 
asymptomatic pleocytosis as separate clinical entities, while 
others class all of them under the heading of meningo-ence- 
phalitis. In addition the course of one and the same type of 
encephalitis differs from one epidemic to another. Early mor- 
lality rates on record thus vary from a few per cent to 50—60 
per cent. 

Of greater importance is the late prognosis of meningoence- 
phalitides. Here, too, the figures available vary with the criteria 
applied for the establishment of the diagnosis. It is obvious that 
the late prognosis reported on the basis of series including only 
‘ases with severe clinical symptoms of meningo-encephalilis 
must be less favourable 


— and this appears to be the rule 
than those given by authors who included even very mild 
forms in their series. Moreover, the prognosis varies with the 
causal factors. 

Prognostically, epidemic encephalitis occupies a special posi- 
tion: the late prognosis is poor. This is due to the disease being 
chronical with gradual progression of the symptoms and in 
patients followed up for a long time, sequels are the rule rather 
than the exception. As epidemic encephalitis has practically ne- 
ver occurred in Sweden during the period covered by this in- 
vestigation, it is not included in the present discussion. 

What sequels are to be expected after meningo-encephalitides? 

Three main groups of sequels may be distinguished. 

1) Motor symptoms. — Motor sequels vary widely with the 
site of the acute process. The sequels may include pyramidal 
symptoms with spastic paresis, extrapyramidal symptoms in 
the form of choreatic movements, rigidity, hyperkinesia or 
disturbed co-ordination manifest in speech or gait. Sometimes 
the motor symptoms may be very mild, slight stiffness of the 
facial muscles or clumsy movements. Encephalo-myelitis my 
also be followed by flaccid paresis. Parkinsonism, a char:c- 
leristic sequel of epidemic meningo-encephalitis is seldom seen. 
In children, meningo-encephalitis is capable of retarding m« lor 
development, so that their movements are typical of a deve! p- 
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)- mental stage below their chronologic age. Such retardation is 
d readily demonstrable by a simple test. The child is told to stand 
le with its arms stretched out before it and then to close the eyes. 
Zs The examiner turns the child’s head to the right or to the left. 
f The primitive reaction of the body is to turn the trunk into 
is alinement with the head. This is normal for children below six. 
() After this age, however, the normal child makes no attempts 
io bring the body in line with the head. On the other hand, 
a in the presence of cerebral affection, the patient will try to turn 
at the body like the younger children. 
it Cerebral seizures of various types assume a position between 
y motor disturbances and the second group, vegetative symptoms. 
is These seizures usually appear as generalised or focal con- 
le vulsions. 
d 2) Vegetative and endocrinic symptoms. — These are not so 
e common as motor sequels. Those most frequently reported are 
disturbances of sleep and adiposity of Fréhlich type. Other 
i- symptoms are also on record, such as disturbed sexual function, 
$ diabetes insipidus, hyperglycaemia and glycosuria, palpitations 
n — often acute attacks and sweating. 
T 3) Psychiatric symptoms. — These are common sequels after 
-- meningo-encephalitis. Though the pattern of the motor and 
I- vegetative symptoms vary widely from one case to another, 


the psychiatric sequels are more or less the same for the various 
: meningo-encephalitides. Such psychiatric sequels are not un- 
common after other types of cerebral injury either. The type 


e or site of the injury is evidently of minor importance. This 
ul empiric finding was also proved during World Wars I and II. 
n Local brain injury causes motor disturbances, difficulty in 
oT speaking and writing, varying according to what part of the 
§ brain is injured ‘“‘but the deviations from normal behaviour 
e which appeared regardless of the brain area which was in- 
y volved could be understood only as damage to the brain or the 
- urganism as a whole” (STRAUSS & LEHTINEN, 1950). 

1. Several investigators have studied the psychiatric sequels after 
yr the encephalitides. However, most of the series studied consisted 


of .dults who had epidemic encephalitis, but retrospective and 


9) 9) 


follow-up studies of the other encephalitides have also been 
made, sometimes on children. 

GREENBAUM, LURIE, LEICHTENTRITT & ROSENTHAL (1945) aiid 
GREENBAUM & LURIE (1948) reported 78 carefully observed 
cases of post-encephalitic behaviour disorders in children. The 
primary diseases had been epidemic encephalitis, post-infection 
encephalitis, toxic encephalitis or encephalitis of uncertain 
origin. In the majority of cases, the onset of the behaviour aiid 
personality difficulties appeared immediately after the onset 
of the disease. The majority of the children in that series gave 
a personality rating which was characteristic. Temperamentally 
they were suspicious, impulsive egocentric and selfish. They 
had violent temper tantrums and were extremely obstinate. 
Imotionally, they were highly unstable, lacked ability to con- 
centrate (short attention span) and had very little self-control. 
Hence their actions were highly unpredictable and most often 
destructive and cruel. 

In her report on post-encephalitic behaviour disorders in 
childhood BENDER (1942) described two investigations made at 
the Mental Hygiene Clinic and the Children’s Observation Ward 
of the Psychiatric Division of Bellevue Hospital. Most of ence- 
phalitides were post-infectious. BENDER concluded that the 
mental sequels of encephalitis following the infectious diseases 
resemble those found following epidemic encephalitis and con- 
sisted of personality changes or defects in intelligence. The 
personality changes form a_ typical picture which is easily 
recognized even in the absence of neurologic signs. This be- 
haviour consists of hyperkinesis, restlessness, distractibility. 
meddlesomeness, impulsiveness, aggressivity, destructiveness. 
quarrelsome attitude and emotional instability. The post-ence- 
phalitic follows a psychometric pattern typical for children 
with organic brain disturbance. Those tests dependent on spatial 
orientation, visual or auditory memory, and baragnostic sense. 
are generally not passed. 

ForRD (1952) wrote “Encephalitis causes very severe psyci:ic 


changes in children in a large percentage of all cases. In infa:its 
mental development is often completely arrested and idiocy or 
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imbecillity may result. The most characteristic mental distur- 
bances, however, occur in children between the ages of three 
and ten years. As in older children, there is in most cases no 
marked reduction of intelligence, but personality changes of a 
profound nature frequently result. These children are very 
destructive and impulsive. Any impulse which occurs to them 
is at once translated to action. The natural inhibitions and fear 
of consequence which restrain us all from injudicious misbe- 
haviour seem to be lacking in these children. An important 
factor in these behaviour disorders is the emotional instability. 
Most of the patients are very restless and over-active, hurrying 
from one form of mischief to another throughout the day. 
Nocturnal insomna and sleep reversal are very commonly asso- 
ciated with these personality changes” 

It was pointed out above that the psychiatric symptoms do 
not appreciably differ from one type of encephalitis to another. 
It was gradually realised that they were practically the same, 
whatever the etiology of the brain injury, encephalitis, trau- 
matic injury, anoxemic injury ete. 

On the basis of personal observations BAKWIN (1949) de- 
scribed the following symptoms as characteristic of these brain 
injuries: ‘A prominent feature is hyperkinesis or hypermotility. 
The child is always on the move, touching objects, manipulating 
them, destroying them. The mood varies unpredictably. Explo- 
sive outbursts of anger may occur without any apparent cause. 
Children with cerebral damage are impulsive. The impulse of 
the moment is immediately translated into action without 
thought of the consequences. The children lie, steal, set fires, 
destroy and commit sex offences without apparent benefit to 
themselves and without regard to the consequences.” 

Sometimes the symptoms present quite a different picture: 
the children are listless and experience periods of depression 
und anxiety, and hypochondric states may develop. 

The attention span is short and the children are readily 
distracted. These children have difficulty with psychometric 
tests dependent on spatial orientation, visual and auditory me- 
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mory and baragnostic sense. Memory for digits, especially back- 
wards, is poor. 

Strauss & LEHTINEN (1950) stress that the typical charac- 
teristics of behaviour disorders following injury to the brain 
are lack of inhibition, impulsivity and a condition which GOLb- 
STEIN (1942) calls ‘catastrophic reaction”, i.e. a state of heip- 
lessness and complete despair upon being confronted with a 
situation which seems to be insoluble to him. 

SJOBRING (1947) described a condition which he calls hypo- 
phrenia because of CNS injury, usually due to encephalitis or 
allergy. In these cases the encephalitis was usually fairly mild 
and as a rule followed some slight viral infection such as, a cold, 
influensa or diarrhoea. The condition is characterised by tired- 
ness, “difficulty in taking part in what is going on”, and decre- 
ased muscle tone, increased irritability, mental tension and 
uneasiness. The symptoms are the same for children as for 
adults. ‘“The children are ordinarily easily tired and listless, con- 
sequently lazy. They are easily distracted, have difficulty in 
attending to what they have to do. They may be lively, quick 
of speech and action, but as a matter of course they even more 
then adults move on the surface of things and lack a serious 
grasp on life’. Other symptoms are increased irritability, 
emotional fits, short circuit reactions of various kinds, thus 
symptoms more or less the same as those seen after proved 
encephalitis. The type of encephalitis supposed by SJOBRING 
was of extremely mild character in the acute stage. 

That extremely mild encephalitides can produce pronounced 
mental sequeis has been stressed by many workers in this field, 
(BAKWIN 1949, BAKER 1949, PETTE 1952) but it appears that 
none have presented any investigations or series in support of 
their assertion. ‘That cerebral damage of so mild a degree as 
not to give gross changes in motility or in the reflexes may, 
nevertheless, be the basis for disturbances of behaviour in a 
certain number of children, is of special interest to the pedia- 
irician” (BAKWIN, 1949). Cerebral complications of epidemic 
diseases of childhood are sometimes so slight that they rem»in 
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concealed or do not receive adequate attention, but may later 
in life, cause behaviour disorders (BAKER 1949). 


In the evaluation of mental symptoms several factors must 
be considered, particularly the development age. ‘“The undiffer- 
entiated motor play of the newborn is the normal expression of 
a normally developing organism, but a few years later it is 
evidence of a pathological condition. The incessant questioning 
of a 3 year old is a sign of mental alertness, but a few years 
later it is abnormal verbosity. The lack of abstract concepts 
in a preschool child is an accepted absence at that level of 
mental growth. In a third or fourth grade pupil it is an indica- 
tion of mental retardation. The playful activity of an 8 year 
old is regarded as appropriate for his age; four years later it is 
regarded as emotional immaturity or lack of habit training by 
negligent parents” (STRAUSS & LEHTINEN 1950). In the evalua- 
lion of the symptoms other factors must also be considered. 

The symptoms may be the immediate consequences of tissue 
injury or the reaction of the individual to symptoms caused by 
the cerebral injury. Here the constitutional factor is involved. 
It is often very difficult to say what symptoms should be re- 
garded as due to organic lesions and which symptoms should 
be considered constitutional. 

It is therefore often difficult to decide whether mental dis- 
orders in a given case should be regarded as endogenic, consti- 
tutional or as sequels of organic injury. Normally intelligent 
patients with post-encephalitic psychopathic-like conditions are 
usually aware of their disease but are nevertheless unable to 
control their impulses, at least for a long time. Or, as GERST- 
MANN & KAUDERS (1924) described the difference: The asocial 
reactions are not primary and »gehéren nicht den Kern der 
Pers6nlichkeit an« — »zu einer tiberlegt bésen raffinierten 
Handlung sind die Kranken nicht fahig. Es kan hier daher 
lediglich von einer Ausseren Ahnlichkeit mit Formen der echten 
Psvychopathie die Rede sein.« A careful neurologic, psychiatric 
and psychologic investigation can, as a rule, decide the presence 
or absence of CNS injury — but to decide which of the mental 
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symptoms should be ascribed to the primary CNS lesion and 
which are secondary, is practically impossible and, as a rule, 
of no practical importance. 

Another factor capable of influencing the picture is the e1- 
vironments. Here it is not only the social standing as such that 
is of importance: the attitude of parents, brothers and sisters. 
playmates and teachers to the patient and his symptoms is 
equally important. 

SUMMING UP, it may be said that the mental sequels following 
meningo-encephalitis present a fairly uniform picture indepen- 
dently of the type of meningo-encephalitis and probably inde- 
pendently of the severity of the encephalitis, too. This post- 
encephalitic syndrome is, however, not only characteristic of 
encephalitis, but rather of any type of brain injury, thus after 
trauma asphyxia, hemorrhage etc. 

This infers that retrospective investigations must be judged 
with caution: the symptoms attributed to earlier supposed ence- 
phalitis may, in some cases, have been due to some other type 
of brain damage. 

As a search of the literature failed to reveal follow-up studies 
in large series of chidren with verified encephalitides an in- 


vestigation of this type was considered of interest. 


Ol 


a 
fe 
in 
lo 
e] 
il 
a 
fe 
= 
se 
as 
al 
m 
Ww 
tr: 
at 

I 
WwW 
ag 


CHAPTER ll 


MATERIAL 


EARLIER INVESTIGATIONS 


The types of meningo-encephalitis that might be expected in 
a given series vary with the country from which they are col- 
lected, St. Louis encephalitis and Japanese B encephalitis for 
instance, being practically unknown in Europe. Another factor 
lo be considered is the period covered by the series, because e. g. 
epidemic encephalitis was recorded in 1917—1930, since when 
it has practically disappeared. 

Another relevant factor is whether the series is collected from 
a department for internal diseases or from a department for in- 
fectious diseases with mainly adult patients or mainly children. 

In order to eliminate the importance of the geographic factor, 
only a few collections from Scandinavia will be mentioned. 

MOTZFELDT’s (1940) Norwegian series consisted of patients 
seen at a department for internal diseases during the 1925-— 
1940 period. Of his 56 cases, 29 were classed as primary and 27 
as post or para-infection cases. Of the latter group, 7 occurred 
after vaccination against small-pox, 6 after measles, 5 after 
mumps, 3 after rubella, 2 after scarlet fever, 2 after influensa, 
1 after whooping cough and 1 after angina. None of his cases 
were classed as secondary to infection of the upper respiratory 
tract. 

'n Denmark VESTERGAARD (1949) analysed a series collected 
at legdams hospital during the years 1918—1938. Her series 
consisted of 248 cases, of which 187 were primary and most 
(1'S) of these were classed as Economo’s disease. Forty-three 
were classed as secondary (4 after influensa, 6 after vaccination 
aga-nst small-pox, 6 after measles and 1 after chicken-pox, 
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11 after bacterial diseases, the remainder unspecified). Tiie 
series is made up mainly of adults and is attended by the 
disadvantage that it covered mainly the period when epidemic 


2 after mumps, 2 after scarlet fever, 2 after whooping cough. 


encephalitis was common. 

In Sweden MOLLER (1949 b) analysed a series collected 
the Royal Medical Board in 1936 and consisting of cases of 
ucute non-purulent CNS-inflammation cared for at Swedish 
hospitals during the 1929—1936 period. (MOLLER did not in 
clude poliomyelitis and chorea in his analysis). After checking 
and sorting the series MGLLER accounted for 490 cases (cf. 


below). 


Total below 10) 


males females 
number years 
Spontaneous 284 153 131 36 
Following catarrhal inf. 80 50 30 6 
Following specif. infect. dis. 98 61 37 22 
parotitis 21 
varicella 3 
morbilli 19 
pneumonia 7 
enteritis + 
Following vaccination 28 18 10 18 


MOLLER pointed out that the first two groups, the spontaneous 
meningo-encephalitis and meningo-encephalitis following c¢a- 
tarrhal infections, included only relatively few children. 

ALM (1951) described selected series of aseptic encephalo- 
meningitides seen in Gothenburg (he included no cases dia- 
gnosed as acute anterior poliomyelitis, encephalitis lethargica. 
pseudo-encephalitis, zoster meningitis or parototic meningitis 
because it was his intention to study the etiology). The re- 
mainder of the series is, however, of relevant interest. It con- 
sisted of 1446 cases diagnosed between 1932 and 1950. Of these. 
240 were seen in children. Fifty per cent of these children h:d 
some form of upper respiratory tract infection. 


W 
st 


AUTHOR’S SERIES 

The series consisted of patients seen during the 1940—1950 
period at the Pediatric Clinic, University of Lund. The cases 
included were selected in the following way. 

All cases diagnosed as acute encephalitis, acute meningo- 
encephalitis, acute encephalomyelitis, benign lymphocytic me- 
ningitis, serosal meningitis, acute aseptic meningitis or ence- 
phalopathy were noted. The record sheets were then analysed: 
16 cases in which detailed study of he case-sheets or the state of 
the patient at review suggested that the diagnosis was doubtful 
were excluded. Of these, 16 cases originally diagnosed as me- 
ningo-encephalitis, 1 had purulent meningitis, 3 had poliomye- 
iilis, 4 had sustained injury at delivery, 1 had fever convulsions, 
in 5 the CSF findings had been over-estimated, 1 had epilepsy 
and 1 had polyarthritis. In 10 the diagnosis had been supposed 
on the basis of behaviour disorders only: These were excluded 
because they showed no sign of CNS inflammation (CSF was 
normal and they showed no other neurologic symptoms). In 
this way only cases in which the patients had shown definite 
signs of inflammation of the CNS were included. 

The record sheets of all children in whom convulsions had 
been diagnosed were also analysed. Convulsions are common 
during the first few years of life and occur in 6—7 per cent 
of all children under 5 years of age. In half of these cases the 
symptoms are classed as fever convulsions. The cause of these 
convulsions is not known, but that meningo-encephalitis is 
sometimes responsible is beyond doubt, especially when the 
convulsions are prolonged (over 30 minutes) or unilateral or 
in the presence of post-paroxysmal paresis or other focal symp- 
toms, or in the presence of electroencephalographic changes, 
especially extremely slow or focal electroencephalographic ab- 
normalities. The prognosis of such cases is poorer than of cases 
in which the convulsions are only brief and generalised (HER- 
117Z 1941, LENNOX 1949, PETERMAN 1952). 

‘t the Department it is the rule to study the CSF of all patients 
wiih convulsions. Those in whom CSF changes were demon- 
stroble during the study period were included as cases of me- 
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ningo-encephalitis, those in whom the CSF findings were nor- 
mal were excluded. This, of course, excluded some of tie 
patients who had encephalitis, because a normal CSF does iiot 
exclude the possibility of encephalitis. VESTERGAARD (194) 
found a normal CSF in 27 per cent of her epidemic encephalitis 
series, NICHOLS (1950) in 13.8 per cent of a series of patieits 
with definite clinical signs of poliomyelitis. 

On the other hand, one may ask whether an attack of convul- 
sions is capable of producing CSF changes, but, judging by the 
litterature, it can hardly be expected (LEVINSON 1928, HERLITz 
1941, MEYER 1949, EKHOLM & NIEMINEVA 1951). 

After this analysis the following selection was accepted 


1) Apparently spontaneous meningo-encephalitis 49 

2) Meningo-encephalitis after catarrhal infections, 
sometimes with associated dyspepsia and pyuria 78 

3) Meningo-encephalitis after varicella 12 (38) 

4) » » »  morbilli 8 

5) » » >» mumps 9 

6) > » » whooping cough 4 

7) » » » vaccination against 


small-pox 


167 (193) 


(Bracketed figures include cases with asymptomatic pleocy- 
tosis in association with varicella.) 


The numbers of cases of meningo-encephalitis after mumps 
and measles were small, because most children with these 
diseases are referred to the department for epidemic diseases. 
In view of the smallness of these two groups, and as the clinic 
of meningo-encephalitis after mumps and measles has been 
studied in large series by other workers in this field, these cas«s 
were excluded. As to measles, reference is made to HAMILTO* 
HANNA (1941), Roos (1942), LITVAK et al. (1943), SmitTE 
TRAPP (1944), SAWCHUK et al. (1949), APPELBAUM et al. (19+ 
JACOBSSON & HOLMGREN (1949) and SPRAGINS et al. (1950). 
mortality rate and the frequency of sequels reported varied 
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from one series to another and with the criteria employed. 
However, it appears that the disease claims a mortality of 20 
per cent and that about 50 per cent of all survivals make a 
complete recovery, while the remainder usually have some sort 
of sequels. The series referred to above included no cases with 
asymptomatic pleocytosis. 

As to mumps, CNS-involvement proved more common than 
formerly supposed, and three clinical pictures could be re- 
cognised, (a) clinical meningo-encephalitis (b) asymptomatic 
pleocytosis of the CSF and (c) meningo-encephalitis without 
clinical evidence of parotitis. The early prognosis is good, but 
the late prognosis is not quite so favourable as was formerly 
supposed. OLDFELDT (1949) reviewed 75 patients who had had 
mumps meningo-encephalitis and observed definite sequels in 
15 of them. 

Cerebral symptoms complicating whooping cough have also 
received much space in the literature. The largest series was 
reported by LITVAK, GIBEL, ROSENTHAL & ROSENBLATT (1948). 
These authors had observed 6002 cases of whooping cough. 
Neurologic complications were noted in 47 of them. Of those 
with cerebral involvement, 50 per cent were children below 
1 year. The mortality rate in the group with cerebral involve- 
ment was 40 per cent. Of the survivals, 43 per cent had sequels. 
ROSENFELD & BRADLEY (1948) reported a retrospective study: 
from children with mental disorders they selected those who 
had had whooping cough or asphyxia neonatorum and com- 
pared them with a control series. The chlidren were studied 
with respect to unpredictability in mood, hypermotility, impul- 
siveness, short attention span, fluctuant ability to recall material 
previously learned and conspicous difficulty in arithmetic at 
school. Of their series, 55 per cent of the children in the 
whooping cough group had 5 or more of these symptoms, the 
corresponding figure for the asphyxia group was 60 per cent 
as compared with only 7 per cent of the control series. The 
contrast is dramatic, the syndrome being more than eight times 
as frequent in children with a history of-each type of asphyxia 
as i the control group. ANNEL (1953) pointed out whooping 
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cough as a cause of mental disorders in children in Sweden. 
As only 3 cases of pertussis encephalitis were included in the 
present series, detailed analysis was not worth while. They 
were therefore excluded. 

Much attention has also been directed to meningo-encepha- 
litis after vaccination against small-pox. In the report of his 
study, MILLER (1953) gives a good survey. According to him, the 
primary mortality is fairly high, but for those who survive, the 
prognosis is favourable. As far as Sweden is concerned, this 
type has been investigated by Huss & LICHTENSTEIN (1932), 
KLING & OLIN (1937), and the cases seen in the present series 
were therefore not included in the later analysis. 

This leaves the three main large groups (1) apparently spon- 
taneous meningo-encephalitis, (2) meningo-encephalitis after 
‘atarrhal infections and (3) meningo-encephalitis after vari- 
cella. The children belonging to the first two groups were ad- 
mitted into hospital because of neurologic symptoms. 

This was, however, not the case with the children in the third 
group. Here the question was: With what frequency is varicella 
associated with CNS involvement. Therefore, all chiidren in 
whom varicella developed while they were in hospital were 
examined for CNS involvement: this observation included rou- 
tine study of the CSF. Pleocytosis was found in 38, but only 12 
showed clinical evidence of CNS involvement. 

The clinical picture of the acute stage of the disease in these 
three groups, the further course and the findings made al 
review in 1950—1953 are surveyed in the following section. 
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CHAPTER Ill 


SPONTANEOUS MENINGO-ENCEPHALITIS 


All cases in patients without a history or clinical evidence 
of catarrhal infection or infectious diseases of childhood before 
or at the time of the onset of the disease were classed under 
the heading of spontaneous meningo-encephalitis. 

Forty-nine cases filled these requirements. The etiology, 
symptoms and course of these cases are described below. 


ETIOLOGY 


One might be inclined to assume that these cases were of 
viral origin, and with the aid of the table given on page 10, 
a list of possible types of virus might be suggested. 

The virus of lymphocytic choriomeningitis was first isolated 
by ARMSTRONG & LILLIE (1934), and a number of cases of 
benign lymphocytic meningitis are on record in which positive 
mouse tests and increasing antibody titre of the patients pointed 
to this virus as the causal factor SMADEL (1942), GREEN, 
SWEET & PRICHARD (1949) and SMITHARD & MACRAE (1951). 
However, ALM (1951) was unable to demonstrate this virus in 
a Swedish meningo-encephalitis series. He said: “In no instance 
was the virus of LCM isolated, nor was there any serological 
evidence in paired sera from 147 cases of acute encephalo- 
meningitis, indicating that the virus of LCM was the causal 
agent of the acute CNS disease in the patient.” It may therefore 
be assumed that this virus did not play more than a negligible 
role in the present series. 

The C-virus has been demonstrated as the causal agent of an 
increasing number of cases of aseptic meningitis and meningo- 
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encephalitis (MELNICK, SHAW & CURNEN 1949, JAWORSKI & 
WEsT 1949, GALPINE & MACREA, 1953). This virus is also 
common in Sweden (GARD 1950 and DAHLSTROM 1951). 
DAHLSTROM described a case in which symptoms of meningilis 
«nd pleocytosis of the CSF appeared in January in a 7 ‘,,- 
year old girl and in whom the C-virus was the most likely 
causal agent. Bornholm disease (myalgia epidemica) is often 
a C-virus infection, and already in 1933 LJUNGSTROM suggested 
that the Bornholm disease was probably an abortive type ol 
encephalitis, and in 1939 LINDBERG described 5 cases ol 
meningitis in association with myalgia epidemica. Therefore, 
it is quite possible that some of the cases in the present group 
were caused by infection with the C-virus. 

Poliomyelitis. — In the diagnosis of spontaneous and, above 
all, of the post-infection encephalitides the possibility of 
poliomyelitis must be borne in mind. It is, however, still 
difficult to make this diagnosis. “The diagnosis of acute 
anterior poliomyelitis is, at best, only presumptive. At present 
there is available no practical laboratory test to confirm the 
diagnosis” (DAWSON et al. 1952). For a case to be excluded 
as poliomyelitis in the present investigation it had to fill the 
following requirements. It must have occurred during an 
epidemic of poliomyelitis, the CSF must have shown pleocytosis, 
and flaccid paresis must have been demonstrable. With these 
stringent requirements some cases of poliomyelitis were 
undoubtedly in the series. That there were only a few isolated 
cases is shown by the annual distribution of the series. The 
distribution was spread fairly evenly over the various months 
of the year and showed no peaks during the poliomyelilis 
season (Fig. 4). Nor was any correlation found between the 
annual number of cases of meningo-encephalitis and_ the 
epidemics of poliomyelitis (Figs. 1 and 2). The frequency of 
poliomyelitis was relatively high in 1941, 1948, 1949 and 1950. 
These figures were obtained from the records of the Department 


of Epidemic Diseases, Lund, which covers practically the same a 
receiving area as the Department of Pediatrics. pe 


On the other hand, it was considered of less importance if 
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1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 
Year 


Fig. 1. Number of cases of poliomyelitis seen at the Department of 
Epidemic Diseases, Lund, during the 11-year period 1940—1950. 


Number of cases 


O 1901 19421963 1944 1945 1946 1947 1948 1949 1950 
Fig. 2. Frequency of spontaneous and post-catarrhal meningo- 
encephalitides during the 11-years period 1940—1950. 
_}] spontaneous meningo-encephalitis. 


post-catarrhal meningo-encephalitis. 


a low cases of poliomyelitis were included in the series, because 
poliomyelitis is hardly an adequate term. In patients with 
pol'omyelitis, cerebral involvement with paralysis of the cranial 
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nerves, mental symptoms and electroencephalographic abnor- 
malities are fairly common (MEYER 1947 and BAPPERT 1952). 

Thus, the clinical symptoms and the histologic changes of 
poliomyelitis can be the same as in other viral encephalitides. 

The virus of mumps. — Recently evidence has been produced 
in support of the asumption that the virus of mumps can 
produce meningitis and meningo-encephalitis without at the 
same time causing signs of inflammation of the parotid glands. 
By studying the antibody titre of the blood of patients with 
encephalitis it has often been shown that this disease is produced 
by the virus of mumps. In the investigation of 10 cases of 
aseptic meningo-encephalitis of unknown origin and occurring 
during an epidemic of mumps OLDFELT (1949) showed a 
positive complement fixation reaction against the virus of 
mumps in 5 cases. It is therefore possible that the virus of 
mumps was the causal factor of some of the cases included 
in the present series. 

The herpes simplex virus is capable of causing meningo- 
encephalitis (WHITMAN & WALL 1941, HAYMAKER 1949, GINDER 
& WHORTON 1951). On the assumption that stomatitis aphtosa 
is often a manifestation of a primary herpetic infection (ALM 
1951) says that “it is likely that herpetic infection of the CNS 
accounts for a proportion of the cases of encephalo-meningilis 
among children”. But the establishment of the diagnosis requires 
evidence of increasing serum antibody curve during the course 
of the disease. That herpes infection is common, is obvious from 
the fact that about 80 per cent of a hospital series in Gothenburg 
had neutralising antibodies against the herpes virus. It is ihere- 
fore probable that the herpes simplex virus must also be con- 
sidered in the discussion of the etiology of the present casvs. 

In addition to the viruses mentioned above, there are 
probably many others, still unknown, that are capable of 
‘ausing meningo-encephalitis. The cases in the present serics 
were not studied with regard to etiology. 
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SYMPTOMATOLOGY 
Sex-distribution 


The series consisted of 33 boys and 16 girls. MOLLER (1949 a) 
had a corresponding group “no previous illness” in his 
encephalitis series, which consisted mainly of adults, and he 
reported practically the same sex-ratio, 31 males and 18 females. 


Age-distribution 


The age-distribution is given graphically in Fig. 3. Except 
for the 0O—1 year age group, which was relatively large, the 
groups were fairly equal. The upper age limit was dictated 
by the fact that children over this age are as a rule not admitted 
to the Department of Pediatrics. 


Yearly Distribution 


The series was collected during the years 1940—1950. The 
uumbers observed in each of these years is given in Fig. 2, 
from which it is apparent that the distribution in each year 
was fairly even, and the curve showed no peaks suggesting 
the presence of epidemic viral infections. 


Seasonal Distribution 


The distribution of the series among the seasons of the year 
is given in Fig. 4, from which it is clear that the monthly 
frequency was fairly even except for December. The absence 
of cases in December was probably due to chance. A certain 
increase was observed for July—November, but this is hardly 
astonishing, because many of the viral meningo-encephalitides 
in other parts of the world e.g. Russian spring-summer 
encephalitis, Japanese B encephalitis, equine encephalitis are 
evidently seasonal. 
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Table 2. Signs and symptoms in 49 inpatients with spontaneous 
meningo-encephalitis. 


| | 

| Symptoms Nimes | per cent | 
recorded | 
| Symptoms of meningitis 25 51 | 
| Convulsions 19 39 | 
| brief, general 1 
| long-lasting or repeated 8 
| focal 10 
| Pareses 18 37 
| Cranial nerves 13 
| i, iv, Vi 4 
| VII | 8 | 
| XII | 
| Extremities | 5 | 
| Extrapyramidal symptoms 8 16 
| Vegetative symptoms 7 4 14 | 
| | 
| disturbed sleep 3 | 

disturbed sugar metabolism 1 | 

diabetes insipidus 1 

gastric trouble 2 

Psychiatric symptoms ia | 22 


Clinical Symptoms 


The symptoms seen are listed in table 2. The combination 
of symptoms varies widely from one patient to another 
according to the part of the CNS involved. 

Symptoms of meningitis. — These symptoms are the com- 
monest ones and are seen in at least half of all the cases. The 
following symptoms were said to be evidence of meningilis: 
headache, nausea, vomiting, listlessness, stiffness of the neck. 
These signs are less pronounced in infants below 1 year. [n 
these, meningitis is not always accompanied by demonstra! le 
neck-stiffness. Vomiting, certain restlessnes or sluggishness ::id 
slightly bulgent fontanel or increased tonus of the arms or lcxs 
are common. The diagnosis is decided by the CSF-findings. 

Convulsions. — Convulsions are the next commons! 
symptom and were observed in 39 per cent of the patier's. 
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When the convulsions lasted more than 10 minutes, they were 
said to be of long duration. As a rule, they lasted for anything 
up to 1—2 hours, with continuous clonic convulsions. In some 
cases, the convulsions lasted 5—10 minutes, but recurred 
repeatedly 8—10 times within 1—2 hours. Focal convulsions 
i.e. affecting only one half of the body, or one half of the 
face and an arm, etc. were the commonest type. Only in 1 case 
was transient clonic spasm of both arms and legs seen. The 
children were regularly unconscious during the attack and, as 
a rule, consciousness was not recovered until a fairly long time 
after the convulsions had subsided. The series was not analysed 
regarding the duration of loss of consciousness, because as a 
rule it was not noted in the record sheets. The reason why the 
duration was not noted was mainly that most of the children 
received large doses of hypnotics in order to counteract the 
convulsions, and therefore they passed from unconsciousness 
into a deep sleep. It was interesting to note that 90 per cent 
of the children admitted because of convulsions were afebrile 
or subfebrile on arrival at hospital. 

Pareses were almost as common as convulsions and were 
noted in 18 (37 per cent) of the cases. The cranial nerves, and 
then especially the facial nerve, where the ones most commonly 
involved. Extremital pareses were recorded in 5 cases only. 
Both flaccid and spastic pareses were observed. 

Extrapyramidal symptoms were seen in 8 (16 per cent). 
The symptoms included in this group are tremor, choreatic 
movements and ataxia. 

Vegetative symptoms were seen in 14 per cent. In 3 sleep 
was disturbed (the children could not sleep at night). In 1 case 
sugar metabolism was disturbed: attacks of hypoglycaemia 
were followed by a transient period of hyperglycaemia. Diabetes 
insipidus, likewise transient, occurred in 1 case. Gastric trouble 
in the form of pronounced enteralgia was seen in 2. 

Psychiatric symptoms were recorded in 11 (22 per cent) of 
the cases. As a rule, the child’s behaviour had changed 
completely. Children hitherto kind and obedient suddenly 
become troublesome, irritable, with complete temper tantrum, 
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Table 3. Temperature and Sedimentalion rate, on admission, of patients 
in the spontaneous meningo-encephaliltis group. 


Ilemperature | Per cent Per cent 
mm./hr (micro-Landau) 


Afebrile 70 1—10 56 
37—37.9 8 11—20 30 
38—38.9 14 21—30 8 


39— 39.9 8 | 31—40 6 


they quarreled and fought with their playmates, they plaved 
truant or ran away from home, for instance. 

The temperature, sedimentation rate, number of white blood 
cells and differential white cell count as well as the CSF 
findings were studied on admission. 

As to the body temperature (Table 3), as many as 78 per 
cent were afebrile or subfebrile on admission. This appears to 
be hardly compatible with the assumption of CNS-inflamma- 
tion. Cumulative evidence has, however, shown that inflam- 
mation of the CNS is not always accompanied by increased 
body temperature. In VESTERGAARD’S series (1949) of 139 cases 
of epidemic encephalitis, 24 of the patients were afebrile and 
59 subfebrile. 

The sedimentation rate was measured by Landau’s micro- 
method. The sedimentation rate was found to be normal in 56 
per cent, and in 86 per cent the sedimentation rate was below 
20 mm/hr. (table 3). Thus in most cases the sedimentation rate 
was normal or only slightly increased. This is good agreement 
with the assumption of a viral infection, because in = such 
infections the sedimentation rate is usually not pathologically 
increased. 

The series was not analysed regarding the white blood cell 
count and the differential white count, because the valucs 
normally differ widely from one age group to another, and 
the values were therefore not comparable. The values recorded 
did not, however, suggest any definite changes in the while 
blood cell count or in the ratio between leukocytes aid 
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lymphocytes, even with due consideration for variation with 
age. Leukocytosis, normal numbers of leukocytes and leuko- 
penia were noted and wide variations were also noted in the 
differential counts. 

Cerebrospinal fluid. — Cerebrospinal fluid was regularly 
tapped on the day of admission. The following discussion is 
based in the findings made in this first sample. The degrees 
of pleocytosis are summarised in Fig. 5. In 5 cases the CSF 
showed no signs of a pathologic condition on admission. As 
a rule, however, moderate pleocytosis was seen and in most 
cases the cells consisted mainly of lymphocytes. The protein 
content of the CSF was normal in 32 and moderately increased 
in the remainder. In 2 cases the protein was increased, but 
there was no pleocytosis. 

In 1 case (S. 39) the CSF was of normal appearance on admission 
of the patient who had clear-cut symptoms of encephalitis — including 
electroencephalographic abnormalities. Lumbar puncture was repeated 
after 1 week and then pleocytosis of 36 lymphocytes/mm* was demon- 
strated and Bisgaard 1:12. The CSF-finding was certainly a manifesta- 
tion of the encephalitic process, because the effect of the actual punc- 
ture need hardly be considered after such a long interval. 

SUMMING UP, it may be concluded that moderate pleocytosis 
with only or preponderantly lymphocytic elements is common 
and that the CSF protein is not increased, or if so, only 
moderately. 


COURSE 


Although the symptoms were often stormy and alarming, they 
usually disappeared within a few days and rarely persisted 
more than a week. None of the children died. In some cases 
the patients were not symptom-free when they were sent home. 
Thirty-nine (80 per cent) were symptom-free on discharge. Four 
were symptom-free, but the CSF was still changed. The other 
6 had persistent symptoms: psychiatric symptoms (4), facial 
paresis (2), abducens paresis (1). One patient (case S 10) was 
adinitted twice, once in 1939 and once in 1943. On both 
occasions she had had persistent spastic paresis on discharge. 
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CHAPTER IV 


POST-CATARRHAL MENINGO- 
ENCEPHALITIS 


All of the cases with a history or definite clinical evidence 
of infection of the upper respiratory tract were assigned to 
this group. In some cases the infection was complicated }y 
otitis, bronchitis, pneumonia, dyspepsia or the like. These 
infections are listed in table 4. The group consisted of 78 
children. 


Table 4. Preceding infectious diseases in the post-catarrhal 
meningo-encephalitis group. 


| 


Diagnosis No. of cases | 
| 
| 
Rhinitis 20 | 
| Rhinopharyngitis 42 
Rhinopharyngitis with otitis 3 | 
| Rhinopharyngitis with dyspepsia | 5 
Rhinopharyngitis with pyuria 1 
Bronchitis 2 
| Pneumonia | 2 
Tonsillitis | 1 | 
| 


Dyspepsia 


HISTORICAL SURVEY AND ETIOLOGY 


CNS — involvement in connection with infections of the 
upper respiratory tract is much more common than originaily 
supposed. This was pointed out by MOLLER (1949 a), who wrote 
“In the author’s opinion it is not only a common juvenile 
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disease but it is on the whole of greater frequency than any 
other form of encephalitis.” ALM (1951) found an “upper 
respiratory infection or malise 2—14 days prior to the CNS- 
disease” in as many as 122 of 240 children with encephalitis. 

Nervous symptoms complicating infections of the respiratory 
tract are known from earlier reports. But in most of those 
cases the clinical picture was serious, the course was stormy, 
and the issue was not infrequently fatal (BROWN & SYMMERS 
1925, GRINKER & STONE 1928, Low 1930, GRINKER & BASSOE 
1931, DAvison & Brock 1937, ADLER 1940, AKERREN 1946, 
VESTERGAARD 1949, ADAMS et al. 1949, GREENFIELD 1930 and 
1950). 

However, it was realised already early by several workers 
in this field that mild forms of encephalitis are common 
(BEVERLY 1928, HASSIN 1945, LEVINSON 1946). 

It is difficult to say anything definite about the histologic 
changes in the CNS in these cases of post-catarrhal encephalitis, 
because only the clinically serious cases were fatal and the 
histologic picture varied from one case to another. The changes 
may vary from hyperemia of the meninges and the parenchyma 
and perivenous edema to edema in the intercellular brain tissue 
Proliferation of the endothelium of the vessels and formation 
of new capillaries (productive encephalitis: HASSIN 1945) some- 
times even thrombi (PUTNAM 1937, PUTNAM & ALEXANDER 1939) 
are seen. In more severe involvement abundant punctate he- 
morrhages and necrosis occur (hemorrhagic encephalitis). The 
lesions are most pronounced in the white matter: this may be 
explained by the difference between the vascularisation of the 
white and grey matter. Sometimes secondary demyelination and 
glious reaction are seen and, histologically, these changes re- 
semble those occurring in the encephalitides following the epi- 
demic disesases of childhood (perivenous encephalomyelitis). 
The ganglion cells are as rule intact, but in severe cases toxic 
injury is seen in the form of cloudy swelling, chormatolysis 
und vacuolation. 

As to the etiology, most authors agree that the disease is 
probably not due to viral infection of the CNS, but rather to 
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a toxic or allergic reaction of the vascular system of the 
CNS with a secondary effect on the cerebral parenchyma. 
Encephalopathy (FORD 1952) would therefore be a more 
adequate name for these forms of encephalitis, but, as pointed 
out in the beginning, the word encephalitis is used here in ithe 
broad clinical sense of the word. 

Finally, it should also be mentioned that the group classed 
as post-catarrhal meningo-encephalitis probably contains a 
number caused by viral infection of the CNS. Poliomyelitis. 
C-virus meningitis and herpes simplex encephalitis are jot 
infrequently preceded by a catarrhal stage. Therefore some 
“ases may have been included in the group of post-catarrhal 
meningo-encephalitides. This group probably also includes one 
or two cases that should have been assigned to the spontaneous 
group, but were allocated to the post-catarrhal group because 
the symptoms had been preceded by a common cold, which 
might have had nothing to do with the neurologic symptoms. 


SYMPTOMATOLOGY 
Sex-distribution 


There were more boys than girls (47:31). A corresponding 
group in MOLLER’s (1949 a) series consisted of 8 boys and 
6 girls, thus roughly the same ratio. 


Age-distribution 


The disease was commonest in the first few years of life 
and half of the children were below 1 year (Fig. 3). This is 
difficult to explain. It is hard to believe that infection of the 
upper respiratory tract is more frequent in this early 2 e. 
During pre-school age and the first few years of school-.se 
infection of the upper respiratory tract is much more comm), 
but the frequency of encephalitis does not increase accordine'y. 
It is possible that the increased permeability of the blood-bra ii- 
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barrier during the first year of life may help to account for 
this increased frequency in these children (see also page 52). 


Yearly Distribution 


The annual distribution varied from one year to another 
(Fig. 2), but frequency peaks of the type seen for poliomyelitis 
or other epidemic encephalitides were not demonstrable. (As 
to the differentiation between poliomyelitis and post-catarrhal 
meningo-encephalitis, see page 34.) 


Seasonal Distribution 


lig. 4 shows a certain seasonal variation: the frequency was 
fairly high from December to March, after which it decreased, 
but again reached fairly high values in August, September, and 
October. This seasonal variation was surely explainable by the 
increased frequency of cold during those months. 


Clinical Symptoms 


The frequencies of the various symptoms in the present 
material were surely to a certain extent influenced by the fact 
that more than half of the children were below 1 year. In such 
young infants the symptoms are often not so marked as in 
older children. As a matter of fact, the symptoms are sometimes 
so mild that a case may pass undiagnosed unless the possibility 
of meningo-encephalitis is constantly borne in mind. In these 
voung infants it is extremely difficult, for example, to recognise 
the presence of neck-stiffness. In addition even purulent 
meningitis does not always produce clinical symptoms of 
meningitis. Therefore in table 5 the series was divided into 
children above and below 1 year. 

In the children below 1 year convulsions were the commonest 
symptom. The convulsions were clonic and often prolonged. 
In a few cases they were brief, general or focal. In about half 
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Table 5. Signs and symptoms in 78 inpatients with postcatarrhai 


meningo-encephalitis. 


41 children below 1 year | 


& 
Symptom = Symptom 
Stiffness, bulgent fontanel 16 | 39 ||Symptoms of meningitis 
Convulsions 17 | 41 || Convulsions 
Listless, poor appetite 17 | 41 brief, general 5 
long-lasting or repeated 
Alternating palor and cyanosis | 14 | 34 focal 4 
Restlessness 9 | 22 || pareses 
Obstinate vomiting 6 145 Cranial nerves 
areses Vil 2 
Rolling of eyes 2 5 Extremities (| 
Extrapyramidal symptoms 
Vegetative symptoms 
disturbed sugar metabolism 1 
gastric trouble 1 
Psychiatric symptoms 


37 children above 1 yea: 


limes 


of the cases in which the children had convulsions on admission, 
body temperature was normal or only slightly elevated. Other 
common symptoms were sudden tiredness, poor appetite, alter- 
nating palor and cyanosis, increased muscle tonus and stiffness. 
In some cases the children vomited repeatedly for no apparent 
reason, they cried and were restless and rolled with the eyes. 
The only possibility available to make a definite diagnosis is 
examination of the CSF, and this was done in all cases in which 


CNS-involvement was assumed. 


In children above 1 year the commonest symptoms were iliosc 
of meningitis (46 per cent), convulsions (43 per cent). These 


convulsions were usually prolonged or focal and only in 5 c: 
were they brief and general. These brief, general convuls: 
resembled so-called fever convulsions. Pareses occurred in 30 pcr 


cent. Extrapyramidal symptoms were recorded in 19 per ceil. 
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Table 6. Temperature and Sedimentation rate, on admission, of patients 
in the post-catarrhal meningo-encephalitis group. 


Sedimentation rate 


; Per cent 
mm./hr (micro-Landau) 


Temperature | Per cent 


Afebrile 43 1—10 | 37 
37—37.9 5 11—20 | 28 
38—38.9 12 21—30 19 
39—39.9 | 22 31—40 10 

S40 | 18 > 40 6 


Psychiatric symptoms were also seen in 19 per cent. These 
symptoms are of the same nature as those seen in spontaneous 
meningo-encephalitis. 

In most of the cases of meningo-encephalitis following 
epidemic diseases of childhood a note was made of the interval 
between the clinical onset of the disease of childhood as dated 
by the outbreak of the rash and the onset of the neurologic 
symptoms. Attempts were made to determine the corresponding 
interval for post-catarrhal meningo-encephalitis, but this proved 
impossible, it being difficult to date the onset of symptoms of 
a cold. In addition, the neurologic symptoms often occur when 
the symptoms of the infection of the respiratory tract are in 
full blossom. 

As to the body temperature, the recordings made on admission 
are summarised in table 6. No fewer than 43 per cent were 
afebrile on admission. In those cases in which the temperature 
was elevated, it was usually very high: in 40 per cent of the 
children it was 39° C or more. 

The sedimentation rate (Landau’s micromethod) showed no 
characteristic changes. In 37 per cent the recording was normal, 
in 65 per cent it was 20 mmjhr. That the sedimentation rate 
was often within a normal range can probably be explained by 
the fact that the disease was acute and preceded by the onset 
of « common cold that seldom lasted more than 1 week. 

Cerebrospinal fluid. — A sample of the CSF was tapped from 
every child on admission. In 3 cases bleeding made it impossible 
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to judge the sample collected. In 10 no pathologic changes «{ 
the CSF were observed. In 65 pleocytosis was seen (Fig. 4), 
in most of them with a preponderance of lymphocytes. In 6, 
however, polynuclear elements dominated the picture, a finding 
suggesting that these cases should perhaps have been classed 
as poliomyelitis. Pleocytosis was usually moderate. As to the 
protein content, it was normal in 58 per cent and only slightly 
increased in the remainder. 

It was interesting to note that in 5 of the children with 
a normal CSF on admission — but clinical evidence of 
encephalitis — pleocytosis developed later and the increase in 
the number of cells could hardly be attributed to the effect 
of earlier puncture in any of them. The interval between the 
punctures was as a rule so long that the second sample could 
not feasibly have been affected by the first puncture. 

Case P 52. — A 5-year old girl, who had had a cold for 3 days, was 
admitted after an attack of convulsions that had lasted for 1 hour. 
She was still unconscious on admission. She was rigid and there was 
spastic paresis of the left leg. Lumbar puncture: 2.5 cells/mm.’ and 
protein content was normal. The electro-encephalographic tracing 
was abnormal with high voltage episodes of 5 ¢.p.s. Lumbar puncture 
again 11 days later: 16 lymphocytes 2 leukocytes/mm. The protein 
content was normal. 


Case P 59. — A girl, aged 18 months, was admitted because of repe- 
ated generalised convulsions for 1 day. She had had a cold for 5—-|! 
days. On admission the body temperature was normal. There were no 
neurologic symptoms. Lumbar puncture: 1.6 cells/mm’, Nonne and 


Pandy negative. One week later lumbar punctate showed 5.5 cells/mm’, 
Nonne and Pandy positive. 

Case P 63. — A 2-year old boy, who had had a cold for 2 days, had 
2 seizures of convulsions of 10 minutes’ duration. On admission he was 
somnolent, and the following days he was stiff and clumsy and could 
not walk properly. Occasional emotional outbursts for no apparent 
reason were also recorded. The body temperature was not elevated on 
admission. Lumbar puncture: 1.9 cells/mm.’ and Nonne and Pandy wis 


negative. Lumbar puncture 1 week later: 16 cells/mm.* practically om!) 
lymphocytes. 
Case P 70. — A girl aged 8 months, who had had a cold for 5 days. 


The last day before admission she had cried for no apparent reason 
and appeared to be tender to palpation. Temperature on admission 
was 39°C. Lumbar puncture: 1.3 cells/mm.* Nonne and Pandy nes: 
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tive. As the fever persisted for 11 days, lumbar puncture was repeated. 
It now showed 14 cells/mm.* and the protein content was normal. 

Case P 74, — A boy, aged 3 months was admitted because of pneu- 
monia. One week after admission he showed symptoms of meningitis 
— he was stiff and lay with pronounced opisto-tonus position. Lumbar 
punctate: 3 cells/mm.* Bisgaard 1:13. Ten days later the clinical pic- 
ture was unchanged and lumbar puncture then showed 43 cells/mm? 
The leukocytes and lymphocytes were roughly equal in number. 


SUMMING UP, it may be concluded that in this type of 
meningo-encephalitis the CSF usually shows moderate pleo- 
cytosis with preponderance of lymphocytic elements and 
moderate or no increase in the protein content of the CSF. 


COURSE 


Three children died during the acute stage of the disease, 
thus a mortality of 4 per cent. 


Case P 74, — A boy aged 21/2 months, who had had a cold for 1 
week was admitted because of convulsions. On admission the child was 
listless, appeared to be ill and had convulsions, Lumbar puncture: 
normal. However, a new specimen tapped 10 days later, during which 
the child had had high grade fever and had had muscular hyper- 
tension, lumbar puncture showed 43 cells/mm.’ and the protein content 
was increased. After 1 month, during which the child had had high 
temperature peaks and muscular hypertension, he died. Post mortem: 
gross macroscopic examination showed that the soft membranes were 
reddened and edematous. The cut section showed a swollen paren- 
chyma and severely dilated capillaries. 

Case P 75. — A girl aged 2 months. She was admitted after 1 day’s 
repeated convulsions of the arms and legs. On admission rhinitis and 
symptoms of meningitis were observed as well as rigidity of the arms 
and legs. Lumbar puncture: 15 cells/mm.’ and the protein content was 
normal. The cerebral symptoms progressed and 14 days after admis- 
sion, she was alternately pale and cyanotic and increasingly listless: 
she died during a seizure of convulsions. Postmortem examinatior 
(macroscopic only) showed meningitis. 

Case P 77. — A 5 year old girl, who had had a cold for 1 week be- 
fore admission, was admitted because of prolonged convulsions, partly 
focal. On admission the girl was unconscious and repeated seizures of 
convulsions were observed. Temperature 40°C. Lumbar puncture: 20 
cells'mm.° and the protein content was increased. The child was very 
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ill, she had repeated attacks of convulsions, the pulse was irregular 
and she was alternately pale and cyanotic and died 1 day after «i- 
mission. 

Postmortem examination of the brain showed diffuse hyperemia 
and edema, and microscopic round cell infiltration along some vessels 
in the white matter. 


These 3 patients had thus died during the acute stage of the 
CNS-inflammation. The fourth case in which the _ patient 
survived the acute attack, but was re-admitted 6 months later 
and died of bronchopneumonia, is described below. This case 
shows that even if the clinical picture is not so alarming, il 
does not exclude the possibility of cerebral lesions, which must 
influence the later development of the child. 


Case P 78. — A girl, aged 14 days, had an attack of convulsions in 
association with a cold. On admission she looked ill and was alterna- 
tely pale and cyanotic. The body temperature was not elevated. Luin- 
bar puncture: 25 cells/mm.’ lymphocytes and polynuclear cells were 
equal in number. The protein content was increased. Attacks of cyanosis 
were observed on several days in succession, but the child was dis- 
charged symptom-free after 3 weeks. She was admitted 6 months later 
because of pneumonia, of which she died. Post-mortem examination 
showed sequels of non-specific meningo-encephalitis. Microscopic exa- 
mination showed round cell infiltration along the vessels and in the 
meninges sparse cellular infiltration was seen in slightly thickened 
areas. 


In these 4 cases then the histologic findings were the same 
as those described in the literature as appearing in_ post- 
infection and toxic meningo-encephalitides. In 1 case there was 
meningitis, in 2 macroscopic hyperemia and edema and in one 
of these microscopic cellular infiltration around the vessels in 
the white matter and in the meninges, and in the fourth case, 
in which the child died 6 months after the clinical symptoms 
of meningitis had subsided, sequels were seen with areas of 
cellular infiltration round the vessels in the white matter ond 
in the meninges. 


In the survivals the symptoms soon passed off, and 80 per 
cent were discharged symptom-free. Of the 13 children who 


had persistent symptoms on discharge, the only sign of a 


pathologic condition was pleocytosis in 4. The remaining 


9 had one or more of the following symptoms: mental 


(3) extremital paresis (3) abducens paresis (1) 


symptoms 
extrapyramidal symptoms (2) and 1 case, an infant, was still 


stiff on discharge. 
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CHAPTER V 


COMPARISON BETWEEN SPONTANEOUS 
AND POST-CATARRHAL 
MENINGO-ENCEPHALITIDES 


Division of the series into two groups, spontaneous and 


post-catarrhal, can hardly be more than tentative, and some of 


the cases were probably allocated to the wrong group. The 
former group surely included some cases in which the children 
had a history of an ordinary cold that had passed unnoticed 
by the parents, and the latter group certainly included cases 
which should have been assigned to the former group, }ut 
which were allocated to the post-catarrhal group because of 
a cold which was perhaps some by-symptom of CNS-disease. 
In addition, certain viral infections of the CNS are sometimes 
preceded by a catarrhal affection e.g. poliomyelitis, C virus 
meningitis, herpes virus encephalitis. 

The two groups were investigated for any essential differences. 

Sex-distribution. — In both groups there were more )oys 
than girls. 

Age-distribution. — The groups differed considerably (Fig. 3). 
In the spontaneous meningo-encephalitis group the frequency 
of the disease did not appear to vary with age, but the post- 
catarrhal type was seen more frequently in the first years of 
life, especially in children below 1 year. No explanation can 
be offered for this pronounced difference between the aze- 
distribution of the two groups, but it is possible that these two 
types of meningo-encephalitis are of different etiology. ‘Ihe 
even age-distribution for spontaneous meningo-encephalitis 
appears to be in accord with the hypothesis that the spon- 
taneous meningo-encephalitides are due to neurotropic viruses. 
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Fig. 3. Frequency of spontaneous and post-catarrhal meningo- 
encephalitides classed according to age at onset. 
[_] spontaneous meningo-encephalitis. 


post-catarrhal meningo-encephalitis. 


An observation arguing for the virus theory was that the group 
included one patient who had contracted the disease by contact 
infection. 

Case S 8. — The patient was a 10-year old boy who had been ad- 
mitted because of enuresis. While in hospital headache and fever 
developed soon after another patient with meningo-encephalitis had 
been admitted to the same ward. Lumbar puncture showed 7.2 lympho- 
evtes/mm.3 and 3.1 leukocytes/mm.’ 


Proof of the correctness of this hypothesis cannot be produced 
until it is possible to demonstrate the virus or after an 
increasing antibody titre has been shown against the isolated 
virus during the course of the disease. 

If, on the other hand, we imagine that the post-catarrhal 
type of meningo-encephalitis is due mainly to toxic agents, one 
might be able to explain the relatively high frequency of ihe 
disease in children below 1 year — over 50 per cent of the 
present cases — as being due to a difference in the permeability 
of the blood-brain-barrier during the first year of life, during 
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which time it is known to be increased (LEONOW 1927, OTILA 
1948, MEYER 1949). 

In a postmortem study of 41 children, who had entered 
hospital with the clinical picture of encephalitis VERHAART 
(1938) found typical signs of CNS-inflammation in only 2. in 
the remainder the changes were localised mainly round ihe 
vessels in the white matter and were interpreted as toxic lesions. 
VERHAART therefore expressed the opinion that children are 
much more sensitive to toxic agents than adults. 

This view is also shared by de LANGE (1938), who concludes 
that encephalitis — inflammatory process of the brain — dovs 
admittedly occur in childhood but stresses that toxic-infectious 
encephalopathy is much commoner. 

BENDER & YARNELL (1941) said “it could appear that the 
infant under the age of one year, at least, is subject to diffuse 
type of destructive encephalopathic process in connection with 
almost any type of generalized blood-borne infectious disease. 
Whether the process at the time that it is active is inflammatory 
or toxic cannot be said.” 

The virus cannot be excluded in these cases either, and ihen 
the preponderance of the disease in infancy could be explained 
by the assumption of a poorer capacity to form antibody during 
this early stage of life, but then one might expect the same 
age-distribution for spontaneous meningo-encephalitis. ‘The 
patho-anatomic findings in those children who died also argue 
against a viral origin, because the picture differs from that 
seen in other types of known viral meningo-encephalitides snd 
resembles rather that seen in the presence of toxic or toxic 
allergic injury. 

The two groups also differed regarding seasonal variation. 
(Fig. 4.) Spontaneous meningo-encephalitis showed a distinct 
increase during the summer and autumn and occurred /ut 
rarely during the winter and spring. These types therefore 
resemble several of the known types of viral encephalitid:s, 
e. g. Russian summer encephalitis, Eastern and Western equ:iie 
encephalitis, Japanese B encephalitis. The post-catarr)al 
meningo-encephalitides are commonest from March to Dece:n- 
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Fig. 4. Monthly frequency of spontaneous and post-catarrhal 
meningo-encephalitides. 

|_| spontaneous meningo-encephalitis. 
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Fig. 5. Distribution of cases of spontaneous and post-catarrhal meningo- 
encephalitides according to the spinal fluid cell count. Only counts made 
in the first lumbar puncture are recorded. 
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ber and from August to October, i.e. during the months when 
colds are most frequent too. The seasonal occurrence of the 
2 forms supports the theory of etiology described above. 

As to clinical symptoms, the two groups did not differ from 
one another. The symptoms were the same in both groups and 
appeared with the same frequency. This, however, says nothing 
about the etiology, because infectious, toxic, traumatic and 
asphyctic injury to the parenchyma of the brain produces one 
and the same type of neurologic symptoms. 

The CSF-changes observed were also the same in both groups. 

The two groups differed from one another regarding body 
temperature and the sedimentation rate both being more fre- 
quently increased in the post-catarrhal group, but this increase 
was surely due to the primary disease. 

The clinical course was also similar in both groups. The 
symptoms soon subsided, and 80 per cent of the children were 
symptom-free when they left hospital. 

Certain observations appear to justify division of the series 
into these two groups, spontaneous and post-catarrhal, especi- 
ally from an etiologic point of view. This division will be 
maintained in the analysis of data obtained at the review per- 
tormed to find out whether these groups differ with regard to 
the late prognosis. 
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CHAPTER VI 


RECURRENCES OF SPONTANEOUS AND 
POST-CATARRHAL 
MENINGO-ENCEPHALITIDES 


Many workers in this field believe the risk of recurrence 
of meningo-encephalitis to be great, and most of them state 
that in the event of cerebral involvement, the area affected 
is less resistent to infections of the CNS. 

MOLLER (1949 a) reported recurrences in 8 per cent of his 
meningo-encephalitis series. ALM (1951) recorded recurrences 
in 15 per cent of an adult series of meningo-encephalitis, as a 
rule within a couple of years of the initial illness, but found 
the corresponding frequency for children to be only 0.83 per 
cent (2 out of 240), a striking difference for which he offers 
no explanation. 

In the present series only 3 children had a recurrence during 
the period covered by the investigation (Cases S 10, S 18 and 
P 24). 

Case S 10. — The patient was a 3-year old girl, who was admitted 
because of bulbar and extrapyramidal symptoms. The symptoms dis- 
appeared in the course of a few months, and then she felt well until 
she was 7, when the same type of symptoms reappeared together with 
left-sided spastic paresis. This time the symptoms gradually subsided, 
too, and when reviewed at the age of 17 she showed no neurologic 
svmptoms. 

Case S 18. — The patient was a boy, who at the age of 6 years 
appeared to change completely in character — he became fussy, 
quarrelsome, irritable, disobedient, he lied, he often vomited and he 
complained of headache. The CSF showed distinct pleocytosis with 
11 cclls/mm’. At follow-up 1 month later the CSF was normal and the 
psychiatric symptoms had subsided. One year later the psychiatric 
symptoms re-appeared as did lymphocytic pleocytosis (62 cells/mm‘). 


n 
e 
n 
i 
1 
| 
) 


58 


The CSF changes lasted 1 month, but when the boy was last secn, 
he was then 12, the psychiatric symptoms were still persistent. 

Case P 24. — The patient was a girl in whom rhinopharyngitis was 
accompanied by symptoms of meningitis. The CSF showed moderite 
pleocytosis. Three weeks later she was symptom-free and remained 
so until she was 91/2 years old, when symptoms of meningitis: head- 
ache, repeated vomiting recurred, as well as signs of encephalitis in 
that her behaviour changed altogether — she had become sluggish- 
minded and drowsy and her facial expression was fixed and immobile. 
Two months later the mental symptoms passed off, and she left hospi- 
tal symptom-free. 


The cause and frequency of recurrences can hardly Je 
discussed on the basis of these 3 cases, but 2 observations «re 
striking. First, recurrences do not seem to be linked to any 
particular type of clinical picture (the syndromes in these 
3 cases being different from one another), and, secondly, the 
recurrence showed the same clinical picture as the primary 
attack. The interval between the initial onset and the recur- 
rence varies widely: in these cases it was 1, 4 and 8 years, 
respectively. 

The fact that the clinical picture of a recurrence was the 
same as that of the primary infection may suggest decreased 
local resistance, an impairment which becomes apparent if the 
brain is exposed to some injurious factor, inflammatory or toxic, 
later in life. 
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CHAPTER VII 


THE REVIEW OF THE SPONTANEOUS AND 
POST-CATARRHAL GROUPS 


GENERAL PLAN AND METHODS USED 


The parents of the children included in the primary selection 
were informed of the purpose of the investigation and requested 
to bring their children to the hospital for re-examination. 

When the child was brought to the hospital an inquiry was 
made according to a scheme including the family history and 
details about delivery, development after birth until the onset 
of meningo-encephalitis. The parents were questioned about the 
further development of the child, especially concerning the 
occurrance of headache, dizziness, convulsions, pareses, tics, 
ocular symptoms, difficulty in speech, undue tiredness, diffi- 
cully in concentration, restlessness, impulsiveness, aggressive- 
ness. irritability, moodiness. 

An investigation was made into social adjustment by asking 
the mother how the child played when he was alone and when 
he was together with other children, and whether he did 
errands and, if so, whether he was honest with money and how 
he got on at school or at work as the case may be. In order 
fo yet a clearer idea of the social adjustment, the teacher 
employer) was asked by letter how the patient managed his 
lasks. how he got on with the other boys, whether he was able 
fo concentrate on his work, whether he was moody, whether 
he liad a good memory, whether he was reliable and, finally, 
the teacher (employer) was requested to give his general opi- 
nion of the boy or girl. 

A subsequent personal interview with the children was ar- 
ran: ed in order to get on more intimate terms with them. They 
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were afterwards examined physically, neurologically and 
psychometrically. When indicated, the children were submit!ed 
to otologic, ophthalmologic or electroencephalographic exami- 
nation by specialists. 

During the personal interview and neurologic examination 
and psychometric testing attempts were made to obtain an idea 
of the mental make-up of the patient. Some psychiatric symp- 
toms such as restlessness, difficulty in concentration, distrac- 
lion, shyness, impulsiveness, lack of judgement and fatigability 
were readily recognised, while others, such as increased irrita- 
bility, and moodiness were difficult or impossible to demon- 
strate objectively. Finally, the patient was investigated psycho- 
metrically, essentially in the way described below. 


Intelligence Test 


It was desired to estimate the intelligence-age of the patient. 
However, most intelligence tests are applicable to only certain 
ranges of age, and in the present series the ages ranged from 
3—4 years to adult age. As yet, no method is available for 
testing people of any age. This is because in an ordinary intelli- 
gence test we measure only some of the mental properties. 
which vary with age. The method that proved most satisfactory 
for testing children of varying age was that described by TER- 
MAN-MERRILL, but as far as elderly children or adults are con- 
cerned, especially talented people, the results obtained by this 
method are unreliable. Here, then, it would perhaps have been 
better to use a method devised for adults, but as the number 
of adults in the series was small, it was decided to use only one 
method in order to permit comparison between different age- 
groups. 'TERMAN-MERRILL’S method, as modified by ALICE 
HELLSTROM for Swedish children was chosen. 

According to the method of TERMAN-MERRILL, a number of 
different properties of intelligence are measured and the total 
is taken as a measure of the general or global intelligence. 

However, it is known that in most cases the general inte!li- 
gence is not decreased after brain injury: as a rule such injury 
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causes only an impairment of certain functions. The children 
find it difficult to manage the tests requiring spatial orientation, 
visual and auditory memory and the integration of various 
perceptions (BENDER 1942, BAWKIN 1949). “One of the princi- 
pal defects in the functioning of the brain damaged is an 
inability to intergrate perceptions. Perception itself is not di- 
sturbed. The difficulty lies in synthesizing the perception into 
a logical whole” (BAKWIN 1949). This ability to integrate per- 
ceptions is the means by which the individual organises and 
comes to understand the phenomen which constantly impinge 
upon him (STRAUSS & LEHTINEN 1950). GOLDSTEIN calls this 
ability to synthesis various impulses the abstract attitude. “The 
abstract attitude embraces more than merely the real stimulus 
in its scope. It implies conscious activity in the sense of rea- 
soning, awareness and self account of one’s doing” (GOLD- 
STEIN & SCHEERER, 1941). Brain injuries are sometimes followed 
by impairment or inability to abstract behaviour and then there 
is what GOLDSTEIN calls a concrete attitude. 

MEYER & SIMMEL (1947) point out that brain injury occurring 
in association with encephalitis is often followed by serious 
difficulties in reasoning, learning, and concentration. Tests of 
visuo-motor functions prove to be particularly sensitive to im- 
pairment of abstraction. They recommend as suitable tests me- 
mory for design, the formboard, block design and various lear- 
ning tests. 

Another sequel of brain injury is difficulty in distinguishing 
figures from the background (GOLDSTEIN 1942, STRAUSS & 
LEHTINEN 1950). 

In his test method WECHSLER (1944) divided the tests into 
performance tests and verbal tests and pointed out that patients 
with brain damage do no manage the performance tests as 
well as the verbal tests. The TERMAN-MERRILL test contains a 
number of performance tests and, at least in some age groups, 
itis possible to compare the results of performance tests with 
those of verbal tests, but for other age groups performance 
lesis are missing. 
lt may thus be concluded that the global intelligence of a 
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brain-injured child, as determined by the method of TERMAN- 
MERRILL, can show a good intelligence level despite impuir- 
ment of some functions. Difficulties, especially with perfor- 
mance tests, can easily by counter-balanced by other tests, 
especially verbal tests. The functions of intelligence most f{re- 
quently affected are the ability to integrate perceptions, ability 
of visual-motor co-ordination, conception of shape, abstract 
reasoning, memory, concentration, attention and ability to 
distinguish figure and background. 

It was therefore decided to extend the intelligence assessment 
according to TERMAN-MERRILL to include tests for judging any 
impairment of the above-mentioned functions frequently im- 
paired in the presence of brain damage. 

Many psychometric tests are available for demonstrating brain 
injury. Most of these tests are intended for adults, but some 
‘an be employed in the investigation of children. ARMITAGE 
(1946) gave a list of requirements to be filled by a battery of 
tests for brain-damaged persons, namely, the measure must be 
short, interesting, easy, relatively unaffected by neurotic trends. 
it must sample those functions that seem to suffer most as a 
result of brain injury and have a minimum dependence on 
previously learned material. In the present investigation at- 
tempts were made to select tests that could be used for all the 
different age groups. Most of the tests gave reliable information 
in the study of children above 7 years; most some of them. 
also in the investigation of children below this age. 


The investigation comprised the following special sub-tests. 


Reaction Time for Light and Sound 


Measurement of the reaction time has often been used by 
psychologists and in the field of medicine it has been emploved 
mainly in the investigation of psychoses. Of the tests used by 
GOLDSTEIN (1942) for evaluating after-effects of brain injury 
sustained during world war I, he also analysed reaction-t:me 
recordings. According to GOLDSTEIN, there are the following 
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properties of the curve that we can use in our judgement of 
the general performance capacity, namely (a) the average time 
of the individual reaction, (b) the shape of the entire curve, 
which is an expression of the promptness, and regularity of the 
performance capacity. Mathematically this function can be 
expressed as standard deviation or in the variance. [*inally, 
ic) any abnormal fatigability will become apparent as an in- 
crease in reaction time as the test progresses. As typical of 
brain injury GOLDSTEIN claims the appearance of fluctuations 
lo be an expression of a lack of capacity for concentration. 
Also signs of abnormal fatigability can be demonstrated. FEL- 
LENIUS (1949) pointed out that brain injury prolongs the time 
of reaction. 

A source of error that must be constantly borne in mind in 
the evaluation of the test results is the motor component. The 
presence of motor disturbance, spastic, extrapyramidal or peri- 
pheral, will of course influence the reaction time. Another 
factor to be taken into account is the age of the subject. The 
reaction time is longer for children than for adults (KOGA & 
MoRANT 1923, JAPHA 1926, PHILIP 1934, GOODENOUGH 1935). 
Why the reaction time should be longer in children has not 
yet been properly cleared up. It is widely believed that this 
difference is not due to a difference in the rate of transmission 
of impulses along the afferent and efferent nervous pathways 
but to central nervous processes. The first to suggest this tenta- 
live explanation was KoGA & MORANT (1923), who after statis- 
tical analysis of the results of reaction time recordings for light 
and sound in 3379 males of varying age said: We are forced 
to the conclusion that reaction times are a function of mental 
rather than sensory effectiveness. 

I:xperimental evidence in support of this theory was presented 
by BERNHARD & SKOGLUND (1943), who recorded the action 
potentials in the retina and alpha activity on the electroence- 
phalogram from the occipital region and showed that the time 
necessary for the complete depression of the alpha activity (the 
blocking time) was longer for children than for adults and that 
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it decreases with increasing age. They expressed the view that 
the increased reaction time in children is due to incomplete 
development of as yet unknown higher central processes. 

GOODENOUGH (1935) believes the prolonged reaction time of 
children to be due to “a state of diffuse nervous excitation 
during which the child is truly unable to make the single inie- 
grated movement necessary to press the key even though all his 
attention is apparently centered on doing so”. GOODENOUGH 
also believes the prolongation of the reaction time to be ascri- 
bable to higher central processes. 

The reports of the reaction times for children of different 
ages vary from one author to another depending partly on the 
experimental conditions. 

It was therefore thought necessary to study representative 
groups of Swedish children who were tested in the same way 
as those who had had mecningo-encephalitis. This series was 
collected from kindergartens, elementary schools and secondary 
schools. About 300 children were studied. The children were 
selected at random from the classes and all are included in the 
analysis of the data. 

The Method. — The apparatus used consisted of the ordi- 
nary reaction instrument, thus a chronometer and a signal 
system with certain modifications. As a chronometer use was 
made of an electric watch, graded in hundredths of a second. 
(AEG, stop watch). As soon as the operator presses a key. the 
current is switched on: the stimulus lights up or buzzes, the 
chronometer starts and the moment the subject presses his key 
current is again interrupted; the watch stops and the stimulus 
ceases. Optimal accuracy with minimum muscular exertion is 
secured by the employment of micro-switches. 

The stimulus consisted of a light (a red light of 265 luxes) 
and of a sound, an irritating buzz. Every patient was tested 
25 times in succession with each stimulus. Before the reaction 
times were recorded 6—10 tests were performed so that the 
patient knew what he was expected to do. The subsequent ‘est 
recordings were analysed in the following manner. 

The mean value was calculated for the 25 light respectively 
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buzz tests and the variance in the series were calculated for 
each individual. The reaction time was noted as hundredths of 
seconds. The individuals were then grouped according to age. 

The apparatus and the results obtained in the investigation 
of a large series of persons of different ages have been described 
elsewhere (EGIDIUS, GRUNEWALD & NILsBy 1953: in press): 
therefore only the reaction times noted for children will be 
described here. 

The sexes were found not to differ in reaction time to light 
(Fig. 6) or sound: therefore no distinction was made between 
boys and girls in the analysis of the data obtained. 

It is clear from Fig. 7 that the reaction time for light was 
longer than for sound in all of the age groups. This difference 
has been observed by earlier workers in this field, but none 
have offered a plausible explanation for the phenomenon. 

Figs. 6 and 7 also show that the reaction time for light and 
sound decreases with increasing age. A slight increase was ob- 
served for puberty, an observation made earlier in girls by 
PuiLip (1934), but he found no such difference for boys. This 
peak for puberty would surely have been more pronounced if 
the children had been grouped biologically instead of according 
to date of birth. As it is now, the age groups 11, 12, 13, 14 and 
15 years probably included children in puberty. 

Table 7 gives the mean for every age group. The standard 
deviation indicates the dispersion of the individual means round 
the mean of the respective age group. 

For judging the reaction times of the patients and the con- 
trols, the mean for the respective age group +1 standard devia- 
tion was taken as normal. 

The variance was also calculated for each series. This value 
shows the spread of the reaction time recordings in each of the 
series. 

Table 8 gives the mean variance for every age-group. The 
standard deviation indicates the dispersion of the variances of 
the individuals round the mean variance of the respective age- 
group. For judging the variance of patients and controls the 
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Fig. 6. Reaction time for light in various age groups. 
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Table 7. Mean of reaction time for light and sound for various ages. 


| 

Central age No. of subjects | 

M | SD. M S.D. 

6 43.3 8.0 38.6 | 7.0 36 | 
7 39.2 6.7 36.4 | 7.0 33 

8 33.1 4.8 38 

9 31.1 4.9 24 | 4.5 33 
10 29.5 5.1 78 | 43 30 

11 25.6 4.0 23.5 4.3 39 

12 23.5 3.2 218 | 3.7 24 | 

13 24.7 3.8 21 | 28 29 | 

14 22.0 3.5 20.8 | 3.1 28 | 

15 229 3.9 | | 14 | 


S.D. indicates the spread of the individual means round the mean of 
the age-group. 

Both sexes taken together. 

Reaction times are given in hundredths of second. 

Central age to be understood as including 6 months before and 6 months 
after age given. 


Table 8. Mean of the variance for light and sound for various ages. 


| | 
wite | _| No. of subjects 
| M Sp | (total 304) 
| | | | 
6 168 110 116 73 36 
7 134 89 117 74 33 
8 90 44 91 62 38 
9 70 40 58 41 33 
10 65 38 45 22 30 
11 57 28 39 28 39 | 
12 44 29 32 18 24 
13 56 40 43 | 29 29 
14 29 17 2 | #17 «| 28 
15 | 29 4 22 14 


S.D. indicates the spread of the individual variance round the mean of 
the variance of the age-group. 
Both sexes taken together. 
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mean of the variances for the respective age group + 1 standard 
deviation was taken as normal. 

It is clear from the table that the variance showed the same 
tendency as did the reaction time, in that the variance was 
large for the low age groups and then decreased considerably 
with increasing age. Here, too, a certain irregularity at puberty 
was observed. 


The Baragnostic Test 


According to the literature (BENDER 1942 and BAWKIN 1949), 
the ability to distinguish weights is impaired in the presence 
of brain injury. 

Method. — The test is performed in two steps. The subject 
is first handed two weights of 5 gm. and 10 gm. respectively 
and asked which is the heavier. He is then given four blocks 
equal in size and appearance but weighing 3, 5, 7.5 and 10 gm 
and asked to place them on the table in order of weight. The 
lest with 2 and 4 blocks, respectively, are repeated three times 
in order to exclude the possibility of the first result being due 
to chance. If the patient performed the test correctly, bara- 
gnosis was said to be normal; if he could distinguish between 
the weights of the 2 blocks but not of the 4, baragnosis was 
said to be impaired; if he could not distinguish the difference 
in either series, baragnosis was said to be poor. 

The test can be used in the investigation of individuals above 
5 years of age. 


Digit Span Test 


The patient is requested to repeat an increasing number of 
digits forwards and backwards. According to WECHSLER (19-44) 
this is a test for measuring memory, but according to RAPAPORT 
(1945) it is a measure of attention. 

Typical of the presence of brain injury is the impaired ability 


lo repeat digits, especially backward, despite normal intelli- 


gence. A difference of 3 or more in the relation between the 
number of digits that an individual can repeat forward and 
those that he can repeat backward suggests brain injury. 
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This test can be used in the investigation of persons above 
7 vears of age. 

WECHSLER’S normal values were used and the patients were 
classed as average or below average. a particular note being 
made when the difference was more than 3 digits between for- 
ward and backward repetition. 


Memory Test 


This is a pure memory test, especially for recent events. This 
is often impaired in the presence of brain damage (ARMITAGE 
1946). The story used in the present investigation was » Kuller- 
byttan» in the Swedish edition of TERMAN-MERRILL. 

Method. — The patient is first informed that a story will be 
read, that he will afterwards be asked to repeat it as accurately 
as possible. The story is then told and the patient tells the 
examiner what he remembers of it. The story is then read again, 
and after 10 minutes the patient is again asked to tell the story. 

Marks are then given for the amount he remembered the first 
time, the amount he remembered the second time and a note 
is made of any confabulation. If the child’s reproduction is not 
so very good the first time, it is usually better the second time, 
provided the brain is not injured: in the event of brain injury 
it is worse the second time, and occasionally the subject will 
lell a completely different story (which was of course also 
noted). 

Memory was judged as normal or impaired. 

The test can be used for children above 6 years of age. 


Digit Symbol Test 


The test presents the subject with a sample line of 9 simple 
symbols, each printed below a number from 1 to 9. The form 


also contains 67 empty squares, each under one of these num- 
bers in random sequence (Fig. 8). The test requires that the 
subject write in the empty square below each number, the sym- 
bol associated with that number in the sample line. The subject 
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Fig. 8. Digit symbol test. 


is allowed 90 seconds for work. The subject is first informed 


how to fill in the first 6 squares and is then asked to continue 


and to fill in as many as he can in 90 seconds. 

The test can be used only for children who can write. It is a 
test of visual-motor co-ordination, a test requiring spatial 
visual as well as spatial-motor orientation. A child with impaired 
visual-motor co-ordination finds the test difficult. A child with 
impaired power of concentration ability or increased fatiga- 
bility will also find it difficult to pass the test. 

The recordings made were evaluated by WECHSLER’S normal 
values and the test subject was classed as average or below 


average. 
The Cube Test 


The cube test was originated by Konus (1923). It has since 
been modified by GOLDSTEIN & SCHEERER (1941). It is regarded 
as one of the best performance tests and WECHSLER (19-44) 
characterises it in the following way: “Whatever the mecha- 
nisms involved. the block design is one of the best tests we have 
for showing up early as well as late disturbances in higher 
perceptual processes.” 

Four similar, coloured cubes are handed to the person to be 
tested. Each of the cubes bears the same colours in identical 
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Fig. 9. Designs I—XII in cube test, according to Goldstein-Scheerer. 


arrangement and distribution on all six sides. Each of the four 
sides bears one of the following colours: blue, red, yellow, 
white. Each of the two remaning sides bears two colours, one 
blue/yellow, the other white/red in a half and half arrangement 
with diagonal partition. The test person is then instructed to 
copy the designs with the blocks. The designs to be copied are 
given in Fig. 9. 

The patient is first given a miniature pattern and instructed 
to arrange the blocks in accordance with it. In order to be able 
to pass the test, he must be able to disregard the given size of 
the design and translate the given size into a larger area, 
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namely that area which the four blocks together occupy. The 
design has to be broken up imaginatively into four squares. 
lor each square the corresponding block-side has to be found 
and the required design has to be constructed by simple block 
sides. The test thus involves both analysis and synthesis. 
‘Patients suffering from functional disturbance of the brain 
cortex are not able to adopt the specified abstract attitude 
required in this test” (GOLDSTEIN & SCHEERER, 1941). 

If the child is unable to manage the test with the first small 
pattern, it is possible for the examiner to get an idea of the 
degree of the impairment of his power to analyse by repeating 
the test, but with a natural-sized pattern. If he is still unable 
to pass the test, he is shown a miniature pattern, but with 
lines indicating the four blocks of which the picture is com- 
posed — and finally the same lined pattern in natural size. 

It is also informative to watch the patient during the actual 
test. If his power of analysis is normal, he will analyse the 
picture into four parts and arrange the blocks without too 
many trials. However, if the power of analysis is impaired, 
the child will see the pattern as a whole and will try to arrange 
the blocks in proper position by turning them and continuously 
changing them (concrete attitude, according to GOLDSTEIN). 

Young children usually work in this way and therefore they 
usually only manage the simple patterns I—VI. 

With this test it is usually possible to get a good idea of the 
patients’ perceptual spatial organisation. 

The evaluation of this results is based on the number of 
designs managed and on the manner in which the child worked. 

KOHS gave a table of the percentages of the patients in diffe- 
rent age groups, who passed the test. On the basis of his figu- 
res and personal investigations (unpublished) of school children, 
the result of the test was judged as good, less good or poor. 


The Witmer Formboard 


This test was included in order to study the form perception 
of children, too young for the cube test. These children were 


3 to 5 years of age. 


n 


Fig. 10. The Witmer formboard. 


The Witmer formboard contains eleven geometrical figures 
(Fig. 10). The recess on the board corresponding to each block 
is just large enough to permit the block to be fitted in loosely. 

Method. — The figures are removed from the board and 
placed in a haphazard arrangement in the tray at the top of 
the board, during which the patient is instructed to place them 
back in proper position as quickly as possible. This was done 
three times and the shortest time recorded for any of the tests 
is taken as that representative of the patient. 

The recordings made were evaluated in accordance with 
HERMAH, H. YOUNG (1916), the results noted in unpublished 
personal studies on Swedish children having been found to 
agree with those given as normal by YOUNG. 

The result of the test varies with the age and intelligence of 
the child. If the child does not manage the test so very well 
for his age, it may be due to impaired form perception or to 
a disturbance of motor co-ordination, the latter being readily 
recognised. The patient’s power to identify forms is readily 
assessed by watching how he works during the test. 
l'orm perception was judged as normal or impaired. 
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The patients were studied at the outpatient department, and 
in order not to tire the patients unduly, the investigation was 
limited to the tests described above. Moreover, if a patient is 
tired, the results can be misleading. However, the tests are jot 
monotonous, and the patients usually found them interesting. 
As a rule, the patients were studied by these tests before being 
tested for intelligence according to TERMAN-MERRILL. 

It appears that with this intelligence test and the _ tests 
described above, it is possible to form an opinion of the general 
intelligence of the patient and of the presence of any functional 
impairment known to follow cerebral injury, such as power 
of attention and concentration (reaction time, numbers forward 
and backward) power of visual-motor co-ordination (digit sym- 
bol test, block design. formboard) memory (reproduction of a 
story). baragnosis. 

In the evaluation of the test results use was, as a rule, made 
of numerical rating. However, in the judgement of the cube 
test the manner in which the child worked was also taken into 


consideration. 


It should be stressed that the testing of the patients in the 
manner described above was only supplementary to the clinical 
investigation and was thus only a subordinate examination in 
the investigation of the patients, especially for the analysis of 
their capacity and mode of reaction. 


CONTROLS 


In order to be able to judge the neurologic, psychiatric and 
psychometric observations, it was necessary to collect a control 
series. 

General considerations. — It might be argued that the use 
of siblings of the patients tested would help to eliminate two 
important sources of error, namely the influence of hereditary 
factors and environmental factors on the symptomatology. On 
the other hand, it might be objected that in such a selection 
there might be familial predisposition to meningo-encephalitides 
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in some families (LEVINSON 1946): this would then imply the 
risk of a higher frequency of undiagnosed meningo-encephaliti- 
des than in a series collected at random. 

A random collection of school children would not be 
representative either, because such children represent a certain 
selection, as it would include none with mental under- 
development or severe behaviour disorders. 

A third possibility suggested itself. 

At Lund there are two children’s welfare centres (barna- 
vardscentraler) where 95 per cent of all children born in Lund 
and in its surroundings are registered. It was considered that 
a random collection of children registered at these centres could 
be accepted as representative. 

It was originally intended to take as controls siblings of the 
patients, it being believed that the arguments for the elimination 
of any influence of environmental and hereditary factors out- 
weighed the possibility of familial predisposition for meningo- 
encephalitis. Lack of siblings or large range in difference in 
age of the brother or sister nearest in age made it impossible 
to accept more than 30 as controls. The remainder of the 
controls were collected from the Children’s Welfare Centres in 
Lund and from its surroundings. For the years 1941—47 the 
first three names recorded were chosen. Of these, 4 had moved 
elsewhere: this left 38. The control series, which thus consisted 
of 68 children, were examined in exactly the same way as the 
patients. 

The controls consisted of 34 boys and 34 girls, aged 5—15 
(average: 8.9 years). Of these, 34 (18 boys and 16 girls) were 
living in Lund, and 34 (16 boys and 18 girls) in the country. 
They came from different social classes: 6 per cent from social 
group I, 35 per cent from II, 56 per cent from III and 3 per 
cent from Y. (Social grouping: MOBERG & QUENSEL 1949). 

Distribution of the controls according to social rank and age 
was practically the same as for the patients (table 9). The 
percentage of males in the clinical series was higher than in 
the control series. However, in the controls the frequencies of 
neurologic and psychiatric symptoms and the results of the 
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Table 9. Comparison between the clinical series and the controls regarding 


number, sex, abode, social standing and age at time of review. 


Spontaneous 
me 
encephalitis 


|number iper cent 


ningo- 


| 

| . 

| meningo- 

| encephalitis 
| 


Total series | Controls 


Posteatarrhal | 
| 
| 
| 
| 


number cent) number |per cent 


number per ce 


| | | 
; | | | | | 
| Number | | 58 | | 102 | | 68 
| | 
| Males 30 68 so | | «| 
Females 14 32 22 | 38 | 36 35 | 34 30 
| Town | 16 36 28 43 34 30 
| Country 28 | 64 57 34 
| | 
| | | | 
| Social group I | 2 | es 4 | 7 | 6 6 | 4 ( 
15 | | 31 24 $5 
Ill 23 | 37 63 | 60 59 38 
Y 2 | 15 2 + | 4 4 2 
| Mean age in | | 
years at time | 11.8 8.9 10.1 8.9 
of review | 
| 


psychometric tests were not found to differ with sex. Therefore, 


the difference in sex-distribution between the controls and the 


patients was probably of no practical importance. In the clinical 
series the percentage of individuals from the country was higher 
than in the control series. Neither here could any relevant 


differences be 
children of the control series. Therefore the difference in abode 


demonstrated 


between 


town 


and 


country 


of the controls and the patients was probably of no practical 


importance. 
In addition the 30 siblings and the other 38 controls were 
compared, but no differences could be demonstrated here either. 


It thus appears that the control series was acceptable. Al! of 
the individuals in the clinical series were known to have jiad 
CNS-inflammation, while of the controls, none had a history 
of known CNS-inflammation. As to the frequency of other in- 


juries that might have occurred in association with delivery or 
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Table 10. Inflerval between the acule meningo-encephalitis and the review. 


Total 
oryal in years 5 6 8 9 2 
nterval in years 10 11 1 number 
‘ols Spontaneous meningo-encephalitis 53 4 8 10 £ ° 2b £5 44 
Posteatarrhal meningo-encephalitis €4 6 4 2 7 58 


Spontaneous and postcatarrhal meningo- 
encephalitis 985 201641010 5 3 12 1u2 


er cen | | 
er ce | | 


head injury later in life or asymptomatic meningo-encephalitis, 
sel there is no reason to suppose any difference between the con- 
trols and the patients. 


OBSERVATIONS 


As mentioned before, 49 of the patients had had spontaneous 
meningo-encephalitis and 78 post-catarrhal meningo-encephalitis 
and 3 died during the acute stage of the disease. Of the 
remaining 124 patients, 105 (85 per cent) were traced. Of 
these, 3 had died from some other disease: this left 102. Of 
these, 99 were studied personally by the writer, while 3 children 


. (cases P 2, S 16 and S 34) who had moved far away, were 
e investigated by questionnaires sent to the parents and teachers. 
ul The interval between the primary acute meningo-encephalitis 
T and the review varied from 2 to 12 years (table 10). 

it In order better to judge the late-prognosis, a fairly long 
y interval was desirable, but it should preferably not be so long 
le that the parents had forgotten details about the patient's 
il condition the first few years after the disease. An unduly long 


interval would have also made it more difficult trace the 


e individuals once they had left their homes and gone out to 
r. work, besides which it would then have been necessary to 
if consider the possibility of other factors capable of influencing 
d the results, such as head injury. Finally, earlier investigations 
Vv have shown that — apart from epidemic encephalitis — sequels 
I- after acute meningo-encephalitis occur within at most a couple 


of years of the disease, sometimes very soon after the onset. 
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section. The results are summarised and discussed below. 

As will later be apparent, no difference was found between 
spontaneous meningo-encephalitis and post-catarrhal meningo- 
encephalitis regarding the sequels: therefore, these two groups 
were taken together in the further analysis of the after-effects. 

The numbers of patients and controls were too small to 
permit comparison of the frequency percentages of the symp- 
toms: the distributions of the symptoms in these two groups 
were therefore compared by the 7’-test. 


Neurologic Symptoms 


Headache was strikingly common. Sometimes the pain was 
localised to the neck or the forehead, sometimes to one side 
of the head. Sometimes it was daily and troublesome, sometimes 
it only occurred on mental or physical exertion or when the 
child was tired. The headache was therefore not of any 
particular type. 

Seizures. The commonest type of seizure was convulsions, 
which were recorded in 14 cases. Unlike the convulsions seen 
in association with the acute stage of the disease, when they 
were often fceal or long-lasting, most of those seen at ihe 
review differed in no respect from the type seen in association 
with grand mal. Only in 3 patients were the convulsions still 
of jacksonian type. The frequency of attacks was much lower 
than at the time of the primary disease, 14 per cent as against 
40 per cent, so that many of the attacks in association with 
meningo-encephalitis may be regarded as solitary phenomena. 
It was also observed that all of the children who had convulsions 
at the re-examination had had such attacks at the time o/ the 
onset of meningo-encephalitis. Therefore, it appears that if 
the child has not convulsions in association with the primary 
disease, there is no reason to expect symptomatic epilepsy 
afterwards. In no instance could any predisposition for epilepsy 
be traced. In many of these children a diagnosis of true epi- 
lepsy would have been made if the examiner had not known 


The methods used at the review were described in an eartier 
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Table 11. Neurologic signs and symptoms at lime of review. 


that they had had encephalitis. At the review the clinical picture 
of these attacks was the same as that of typical grand mal and 
if the first attack appears at the age of one year it is liable to 
be mis-diagnosed as fever convulsions or spasmophilia. It 
should therefore be stressed that the first attack of convulsions 
in all children, especially young infants should be thoroughly 
investigated, whereby the CSF should also be examined. Not 
until this has been done can a diagnosis of fever convulsions 
or spasmophilia be considered. Many so-called true epilepsies 
are in reality surely post-encephalitic. Electroencephalographic 
studies have proved useful in the later investigation of these 
convulsions, such studies sometimes being able to demonstrate 
a distinct focus suggesting a focal injury responsible for the 
attacks. 

Two of the children had spells of muscular hypotension with 
loss of consciousness. 

Pureses occurred in only 6 cases and even then was never 
more than mild. In 1 case there was moderate paresis of the 
eyelid. in 1 there was flaccid paresis of the shoulder girdle and 
in 4 there was slight spastic paresis of one leg. 

Evtrapyramidal symptoms were recorded in 8 cases. These 
were usually mild: tremor of one arm, atheotoid movements 


Spontaneous |Postcatarrhal] Total series Controls 
Symptoms meningo- meningo- 
encephalitis | encephalitis |number|percent number/per cent 
| | | 
Headaches 9 10 | 19 | 19 | 4 6 
| 
Jacksonian convulsions 3 | | 
epileptiform convulsions] 4 7 | | 
non-characteristic 1 1 | | 
| | 
Pareses 4 2 | 6 6 | 0 
cranial nerves 1 | 
extremities 3 2 | | | 
| 
Extrapyramidal symptoms 3 | 8 | 3 
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or rigidity, or simply clumsy movements. Only in 1 case were 
the symptoms disabling. 

These neurologic symptoms were seen in only a few of ihe 
controls: 4 complained of headache and 2 had mild extra- 
pyramidal symptoms. The difference was statistically significant 
(P <0.1 per cent). 


Emotional disturbances 


As mentioned on page 21, emotional disturbances are common 
sequels after different types of cerebral injury. These distur- 
bances may be primary resulting directly from the changes 
in the child’s constitutional mental equipment caused by the 
cerebral lesion. Or the behaviour disorders may be secondary 
and precipitated by some maladjustment to the environments, 
to the family, to school and to play-mates. It is frequently 
impossible to decide which of these two possibilities should 
be considered responsible in a given case. It is often surely 
a combination of both, and in the following sections these 
symptoms were simply recorded, no attempts being made io 
class them as primary or secondary. 

A survey of the emotional disturbances may be conveniently 
preceded by a definition of the terms used. 

Increased irritability. — Inability to tolerate noise or trouble 
or undue excitement about minor things or emotional outburst 
for no apparent reason — temper tantrum. 

Moodiness. — Mental instability — sudden and _ extreme 
changes in state of mind; cries readily. 

Restlessness. — Difficulty to sit still for any length of time. 
“always on the move”. 

Abnormal fatigability. — Inability to play with, or work at. 
one and the same thing for any length of time. Lack of 
perseverence, especially when difficulties are encountered 


Concentration difficulties. — Distraction, content with super- 
ficial study, inability to penetrate a problem. 
Impulsiveness. -— Actions according to feelings without 


consideration of the possible consequences. 


ie. 


ut 


Destructiveness. — Pleasure in destroying things. 

Aggressiveness. — Cannot get on with play-mates, likes to 
quarrel and fight. 

Anxiety. — Anxious, does not dare to play with other 
children, afraid of almost everything, hates to be alone. 

Waxy flexibility, — Waxy flexibility or waxy movement of 
the limbs is a symptom of disturbed motor function, but it 
is included here, because it also manifests itself in the emotional 
behaviour. 

Muscular hypotension. — This symptom is included because 
it influences emotional expression. 

The recording of emotional symptoms at the review was 
based on the reports from the parents, the teacher, the employer 
and on observations made at personal interview. Although the 
reports from these persons were accepted with caution, 
systematic questioning revealed data usually sufficient to get 
a fair idea of the emotional state of the child. Such symptoms 
as restlessness, concentration difficulty, impulsiveness, fatiga- 
bility, and anxiety were as a rule readily observed at the review. 
Waxy flexibility and hypotension were likewise recorded only 
at physical examination performed at the personal interview. 

motional disturbances were recorded in 35 (34 per cent) 
of the patients. The children who had had spontaneous or post- 
catarrhal meningo-encephalitis did not differ regarding the 
frequency of these sequels. As a rule, two or more of these 
symptoms were seen in combination. They were usually only 
moderate, but nevertheless severe enough for the parents and 
the teachers to regard the child as troublesome. In 2 cases 
the symptoms were, however, pronounced: one of the patients 
was a 6-year old boy (case S 28) with marked restlessness and 
lack of inhibition, the other was a 12 year old boy (case P 3) 
with restlessness and a pronounced tendency to be quarrelsome 
and agressive. He was readily irritated, he had concentration 
difficulties and had therefore been sent to an institution. The 
other 33 children, who were living at home, were considered 
troublesome both at home and at school. 

The corresponding figures for controls were 16 (24 per cent). 
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Table 12. Frequency of emotional symptoms per individual. 


| Clinical series | Controls 
| 
| Symptom-free 67 | 52 
| With symptoms 35 (34 % ) | 16 (24 %) | 
1 symptom /person 5 | 11 
2 » » 10 2 
% | 2 
4 » 10 | 4 
5 » » 2 0 
6 » » 1 | 0 


This difference was not statistically significant. However, ihe 
number of emotional symptoms per person in the patients was 
higher than in the controls (table 12) and this difference was 
statistically significant (P 0.1 per cent). 

Increased irritability and moodiness were the commonest 
observations in both the patients and in the controls (table 13). 
Restlessness, fatigability, concentration difficulty, impulsiveness, 
destructiveness and agressiveness were noted practicaily only 
in the patients, but the frequencies were so low that statistical 
analysis showed no significant difference. 

The frequencies given refer to emotional disturbances 
recorded at the review. In some cases the parents reported that 
the patient had had psychiatric symptoms the first year or 
two after the primary disease, but that they had cleared up 
and had disappeared by the time of the review. This was noted 
in 3 cases of spontaneous meningo-encephalitis and 4 cases 
in which the children had had_ post-catarrhal meningo- 
encephalitis: if these be taken into account, it will bring the 
frequency of emotional disturbances up to 41 per cent. This 
tendency of the symptoms gradually to subside was seen 
throughout the entire series, and the parents reported, without 
being asked, that the patients had sometimes been troublesome 
the first few years after the disease, but that they had gradually 
improved. 

This was perhaps because the emotional trouble is due to 
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Table 13. Types of emotional symptoms recorded in 35 patients and 16 controls. 


Spontaneous Posteatarrhal| Controls 
Symptoms meningo- meningo- | ae | per |num-| per 

encephalitis | encephalitis | 
Irritability 1 17 | | wi 
Moodiness 10 8 | 18 18 10 15 
Restlessness 10 18 18 2 3 
Fatigability 6 6 | 12 12 1 
Concentration difficulties | 4 4 8 8 0 | 
Impulsiveness 2 2 | 4 | 0 | 
Destructiveness 1 2 1 
Aggressiveness 0 2 | 2 0 | 
Anxiety 1 2 | 3 2 | 
Waxy flexibility 2 3 eee 2 
Muscular hypotension 1 0 | 1 0 | 


disturbed interplay between the cortex and the region of the 
thalamus. The cortex exerts an inhibitory action on this region, 
and with increasing age and parallel mental development it is 
easier for the cortex to control these emotional disturbances. 


Vegetative Symptoms 


Vegetative symptoms were recorded in 13 per cent. These 
symptoms were as a rule mild. Three of the patients reported 
sleep disturbances. In one of the patients obesity had developed 
several years after the encephalo-meningitis, and it is very 
improbable that the meningo-encephalitis can be regarded as 
the cause. In 1 case the patient complained of heart trouble it 
felt “as if the heart stood still”. Umbilical colic was noted in 
9 cases. Amenorrhoea was reported in 2, aged 15 and 18. In 
2 there was enuresis. 

Vegetative symptoms were observed in 7 per cent of the 
controls. One had sleep disturbances. 3 had umbilical colic 
and 1 had enuresis. The number of cases with vegetative 
symptoms was too small to permit comparison between the iwo 
series in this respect. 

Retarded physical development was observed in 2 cases. 
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Case P 36. — The patient was a boy, aged 6 years 6 months. He was 
born before term and weighed 2400 gm. at birth. He appeared somewhat 
listless after delivery, but showed no symptoms of any lesions sustained 
at delivery. He soon became more alert and physical development was 
normal. At the age of 1 year and 4 months he had meningo-encepha- 
litis. Since then physical and mental development had been retarded, 
anid at the review he showed distinct signs of cerebral injury with 
gross tremor of the hands, increased irritability and restlessness and 
physical development was obviously retarded. He weighed 17 kg. and 
psychometric tests showed low intelligence and further investigation 
showed poor attention and poor perceptual spatial organisation. Phy- 
sical underdevelopment was surely attributable to the cerebral injury, 
but it is not known whether this injury was sustained at delivery or 
in connection with encephalo-meningitis. 

Case P 9. — The patient was a girl, aged 19 years. At 8 years she had 
had meningo-encephalitis. Before the disease physical development had 
been normal; she was perhaps a little short for her age, but she was 
not the shortest in the class. After the disease, however, development 
‘was extremely slow so that at the age of 19 she was only 149 em. in 
height and weighed 45 kg. In addition, secondary sex characteristics 
were missing, no pubic hair growth, and menarche had not occurred. 
She was intelligent and psychometric investigation revealed no signs 
of brain injury. 

It is probable that this under-development was a sequel after me- 
ningo-encephalitis. Her parents were tall. She had no brothers or 
sisters. 


Physical underdevelopment was not recorded in any of the 
controls. 


TO RE-CAPITULATE, then, the patients who had had spon- 
taneous meningo-encephalitis did not differ from those who 
had had post-catarrhal meningo-encephalitis regarding the fre- 
quency of the various symptoms. Only few of the patients had 
neurologic symptoms. Headache and epileptic-like seizures ind 
emotional disturbances were the commonest symptoms. The 
patients did not differ significantly from the controls regarding 
the percentage who had had emotional symptoms, but the 
number of different symptoms per individual was significat!|y 
higher for the patients. As to the vegetative symptoms. [hey 
were few, and it is difficult to say whether they should be 
regarded as sequels of meningo-encephalitis. In 2 physical 
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development was retarded: in one of them the developmental 
disturbance was surely ascribable to meningo-encephalitis, in 
the other cerebral injury sustained in connection with delivery 
cannot be excluded. 


Psychometric Investigation 


In the psychometric investigation the intelligence was studied 
by the method of TERMANN & MERRILL, as modified by ALICE 
HELLSTROM for Swedish children. For children over 15 years 
the intelligence was judged mainly by the school reports. As 
mentioned earlier, in testing patients with cerebral injury, the 
method of TERMANN-MERRILL does not give enough information, 
because in these patients it is often only some of the functions 
of the brain that are impaired, especially the ability to integrate 
perceptions, ability of visual-motor co-ordination, conception 
of shape, memory and concentration-ability. Therefore the 
intelligence test was supplemented with other tests such as 
tests for reaction time, baragnosis, digit span test, digit symbol 
test, memory test, the cube test and formboard test (page 62). 


Mental Development 


An I. Q. of 90—110 was said to class a child as being of 
ordinary intelligence, a higher I. Q. as good, and I. Q. of 80—90 
as less good, and lower than 80 as poor. The results of the 
intelligence tests are given in table 14. 

Mental development was average in 67 per cent of the 
patients, it was good in 10 per cent, less good in 13 per cent 
and poor in 10 per cent. The corresponding figures for the 
controls were 59 per cent, 29 per cent, 7 per cent and 5 per cent. 

lt is clear that the patients differed from the controls in 
level of intelligence. This poorer intelligence of the patients 
was statistically significant (P <1 per cent). 

ORD (1952) pointed out that in infants below 1 year 
meningo-encephalitis is capable of markedly impairing mental 
development. He says “in infants mental development is often 
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Table 14. Results of intelligence tests. 


Intelligence -|num-| per | num- per 
| encephalitis | encephalitis | po. | cent | ber | cent 

i 

Good 5 | 5 10 10 20 | 29 
Average 28 | 41 69 67 40 | 59 
Less good 6 | 7 | 13 13 5 | 7 

| Poor 5 5 | 10 10 3 | 5 


Table 15. Results of intelligence tests of children who had had meningo 
encephalilis below and above 1 year of age. 


| 
| Meningo-encephalitis Meningo-encephalitis 
| 


Intelligence below 1 year of age above 1 year of age 
| 
number group percentage | number | group percentage 

Above average | 2 6 8 12 

Average 26 72 430 65 
| 

Below average | 8 ee 15 | 23 


completely arrested and idiocy or imbecility may result”. This 
opinion is shared by ASPERGER (1952) who studied the 
prognoses of different forms of encephalitis and stresses that 
the younger the children are at the time of the onset of 
encephalitis the more frequent are intellectual defects. GORDON 
(1943), who carried out an investigation of children who had 
had various forms of post-infection encephalitis, claimed that 
if the disease is contracted below the age of 3 years, mental 
retardation is common. It was therefore considered of interest 
to divide the series into two groups according to age (above 
and below 1 year) at the time of the meningo-encephalitis. The 
results are summarised in table 15, from which it is clear that 
these two groups did not differ from one another regarding 
later intelligence quotient. 

SUMMING UP, it may be concluded that the patients differed 
distinctly from the controls regarding intellectual developme::t. 
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The intellectual retardation does not seem to be influenced by 
the age of the patient at the time of the onset of the meningo- 
encephalitis. 


Reaction time 


Description of the method and the evaluation of the results 
are discussed on page 62. 

The results of the test are summarised in table 16. 

In 64 per cent the reaction time was normal for both light 
and sound. In 36 per cent it was altered, either prolonged for 
light or sound or for both, or the variance in a series was not 
normal. 

The corresponding figures for the controls were 84 per cent 
and 16 per cent. The difference is statistically significant 
(P <1 per cent). 

It is difficult to say anything definite about the clinical 
importance of changed reaction time. It may be due to decreased 
alertness, impaired ability to integrate impulses and to translate 
them into action, or to decreased attention ability and con- 
centration capacity. 

In the interpretation of increased reaction time, the possible 
presence of motor disturbances, muscular hypertension, 
disturbed co-ordination or the like must be considered. 

Case S 7. — The patient was a 16 year old male. At the age of 6 years 
he had had meningo-encephalitis with extrapyramidal symptoms. 
These symptoms had persisted and rigidity and gross tremor of the 
extremities and clumsy movements were noted at the review. The 
reaction time was considerably increased, for light it was 55 c. see. 
(normal: 18.7 c. sec.) and for sound it was 46 c. sec. (normal: 15.9 c. sec.). 


The number of patients in whom the reaction time was 
increased was too small to permit valid conclusions, but it 
appears that reaction time determinations might be valuable 
in the investigation of various diseases.’ During the clinical 
course of acute meningo-encephalitis systematic recordings of 
the reaction time would provide an objective measure of 


' Investigation of this point is in progress (Grunewald & Nilsby). 
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Table 16. Results of reaction tests. 


Spontaneous |Postcatarrhal 
Reaction time meningo- meningo- Total series Controls Rarag 
Jale 
encephalitis | encephalitis 
Normal reaction time for | 
light and sound 25 26 51 (64 %) 54 (84 %) Norma 
Normal variance Impait 
Increased reaction time for 
light and sound 5 5 10 2 
Normal variance | 
Increased reaction time for | - 
light and sound 3 5 | 8 3 
Abnormal variance | R 
29 
Increased reaction time for | liad 10 (16 %) 
light 1 4 5 5 
Normal reaction time for | 
sound Average 
Other abnormal reaction | Below 
times 2 4 | 6 0 - 
Differer 
forwar¢ 
symptoms otherwise difficult to evaluate, such as decreased 3 
alertness (see case S 24). 
It was also noticed that in those cases in which the teachers 
had reported attention or concentration difficulties the reaction ce 
time was practically always increased (cf. Difficulties at School, (I 
page 95). fo 
The Baragnostic Test of 
Description and evaluation are discussed on page 68. The 
results are summarised in table 17. The results of the individual 
tests were classed as normal, impaired or poor. In the analysis 
of the results the two last-mentioned groups were taken to- 
gether under the common heading of impaired. ” 
. . 5 
Although baragnosis was found to be normal in a greater 
percentage of the controls than of the patients, the difference th: 
was not statistically significant. 
Digit Span Test 
Description and evaluation: see page 68. The results of the | 
test are summarised in table 18. for 


| 
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Table 17. 


Baragnostic (est. 


Spontaneous | Postcatarrhal Total series Controls 
Is Baragnosis meningo- meningo- 
encephalitis | encephalitis | number | per cent | number | per cent 
| 
| of) | Normal 26 28 54 66 47 75 
Impaired 10 17 a | 34 16 25 
Table 18. Digil span test. 
Spontaneous | Postcatarrhal Total series Controls 
Results meningo- meningo- 
9 « itic > itis | 
encephalitis encephalitis | number | per cent} number | per cent 
Average 24 30 54 71 56 90 
Below average 2 13 22 29 6 10 
Difference 
forward, backward 7 9 16 21 8 13 
>3 


difference 


Of the patients, 71 per 
cent of the controls. This difference was statistically significant 
(P<1 per cent). A difference of at least three digits between 
forward and backward counting was recorded for 21 per cent 
of the patients, as against 13 per cent of the controls, but this 


given in table 19. 
It is clear form the table that the patients did not differ from 


yas not significant. 


Memory Test 


the controls regarding the results of this test. 


Digit Symbol Test 


cent passed the test as against 90 per 


Description and evaluation: see page 69. The results are 


l)escription and evaluation: see page 69. The results recorded 
for this test are summarised in table 20. 


Table 19. Memory test. 


Spontaneous | Postcatarrhal Total series Controls 
| Memory meningo- meningo- ee 
| encephalitis | encephalitis | number | per cent | number | per cent 
| Normal 22 29 51 | 72 42 72 
Impaired 9 11 20 | 28 16 28 
Table 20. Digit symbol test. 
| Spontaneous | Postcatarrhal | Total series Controls 
Results meningo- meningo- | — = 
encephalitis | encephalitis | number | per cent | number | per cent 
| Average 13 19 32 | 47 45 79 
3clow average 16 20 36 (53 12 


The percentage of patients classed as below average was 
much higher for the patients than for the controls i.e. 53 
per cent, against 21 per cent. This is probably explainable by 
the fact that the performance of the test requires co-operation 
of those mental functions frequently involved in the presence 
of cerebral injury. “The visual-motor co-ordination this 
subtest is expressed in the tuning together of the visual percep- 
tion of the symbol and digit. the spatial-visual and spatial-motor 
orientation, and the executive half-habituated action of drawing. 
It is small wonder that such a delicate interaction is easily 
disturbed from any side” (RAPAPORT 1945). 

This difference was statistically significant 


(P< 0.1 


per 


cent). 
Cube Test 


Description and evaluation: see page 70. 

It is difficult to evaluate the results of this test, because il 
must be judged by the way in which the child works. The 
power of perceptual spatial organisation as judged by this test, 
varies widely from one child to another: some of the children 
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Spontaneous | Postcatarrhal Total series | Controls 
Results meningo- meningo- 
encephalitis | encephalitis | number | per cent | number | per cent 
Good 25 26 51 62 | 49 ee 
Less good 3 8 11 4 | 9 14 
Poor ie 13 20 | 24 | 6 9 


Table 21. 


Cube test. 


could not copy the pattern with the four blocks, not even 
alternative IV, while others with abstract thinking ability 
analysed the pattern practically immediately and then arranged 
the blocks in the proper way without any trials. Between these 
two categories fall those persons who work concretely, i. e. 
those who perceive the picture as a whole and try to copy it 
by continually changing the position of the blocks, i. e. by trial 
and error. Young children, up to about 10 years of age, usually 
work in this concrete manner, not until they are about 10 years 
old do they begin to work in the abstract manner. 

The results of the cube test are summarised in table 21. 

It is clear from the table that there was a distinct tendency 
for the results to be peorer for the patients than for the controls, 
but this difference was not statistically significant. 


Comments. 


The patients who had had spontaneous meningo-encephalitis 
did not differ from those who had had post-catarrhal meningo- 
encephalitis regarding the results of the psychometric in- 
vestigation. On the other hand, the patients differed distinctly 
from the controls regarding the results of the tests. This dif- 
ference was most conspicuous with respect to mental develop- 
ment, reaction time, the digit span test and digit symbol test, 
but no statistical difference could be demonstrated for the 
baragnostic test and the cube test. The memory appeared to 
be just as good for the patients as for the controls. 
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Table 22. Frequency with which subjects with normal IQ failed 
to pass special tests. 


| Number of tests Clinical series Controls 

not passed 

0 | 21 

| l | 3 24(39 %) 19 41(72 %) 

| 2 16 | 10 

3 12 ; 4 

| 3 38 (61 %) | 0 16(28 %) 


The differences becomes more striking on comparison of ihe 
number of test failures per person in either series. As impaired 
intelligence must surely impair the result of the special test, 
this factor was not included in the number of failures per 
individual: only those persons were included who had normal 
1Q. The results are summarised in table 22. 

Of the patients, then, 39 per cent managed all of the tests 
or failed in only 1, while the corresponding figure for the 
controls was 72 per cent. On the other hand, the number of 
patients who failed in 2 tests or more was 61 per cent as against 
28 per cent of the controls. The difference between the iwo 
series was statistically significant (P<. 0.1 per cent). 

It is thus clear that the series differed distinctly with reference 
to the results of the psychometric tests. One might wonder 
why the difference was not still larger. This can, however, 
probably be explained by the assumption that these tests bring 
out any impairment of only some of the mental functions, 
i. e. they do not reflect the entire function of the CNS. Therefore, 
a child may very well pass all of the psychometric tests, despite 
the presence of neurologically demonstrable cerebral injury. 
Or, as STRAUSS & LEHTINEN (1950) put it: “With few cx- 
ceptions there does not exist at this moment a pattern or 
type of response characteristic and specific for the  brain- 
injured, defective child on standardized tests of intelligence, 
academic achievement and visuo-motor performance’. 


92 
| 

( 

\ 

S 

{ 

I 

I 
p 
d 
tl 
tl 
n 
ft 
h 
il 
pe 
h: 
Pe 
cl 


Social Adjustment 


One of the most important factors to be considered in the 
establishment of the late prognosis of meningo-encephalitides 
is social adjustment. Information as to how the child is ma- 
naging to carry on in life and to bear the strains placed upon 
him, as to his attitude towards his parents, brothers and sisters, 
school-mates and also how he is getting on at school and at 
work, will provide a picture of his adjustment to his environ- 
ments. In order to get an idea of the social adjustment of the 
children, the parents were questioned in detail as to whether 
family life was quiet and harmonious or whether the child 
was what is generally known as a »problem», i.e. whether he 
differed from his brothers and sisters, whether he was quarrel- 
some and troublesome, restless and always ready to offer oppo- 
sition. At to those children who were a few years old at the 
lime of the primary disease, special inquiry was made con- 
cerning any changes in behaviour since that time. It was also 
noted how they got on with the school-mates, whether they 
were popular, whether they could stand the strain placed upon 
them by the games they played or whether they were quarrel- 
some and troublesome and therefore impopular. As to the 
children who were in school age, the teachers were interviewed 
as to how they managed their home-work, whether they were 
particularly weak in any special subject, whether they could 
pay attention throughout the lesson or whether they were easily 
distracted and tired. The teachers were also asked whether they 
thought the child quick-tempered and troublesome and whether 
they could say whether the boy was popular among his class- 
mates. Special notes were also made concerning truancy, truth- 
fulness and honesty. Finally, the teacher was also asked to give 
his general opinion of the child as a whole. The teacher was 
informed that this information was desired for research pur- 
poses and that the investigation was based on children who 
had at some time or other been cared for at the Department of 
Pediatrics. The teacher was not informed for what disease the 
child had been admitted or what sequels of the disease were 
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expected. As to those children who had in the meantime left 
school and were out working, the employers were questioned 
along similar lines. 

If the child was not troublesome at home, if he got on well 
with his school-mates and if he managed his homework well 
and behaved properly at school, could follow the lessons pro- 
perly and if there were no behavior disorders and if the 
employer was satisfied with him, social adjustment was said 
to be good. 

If. however, the child was really troublesome at home or if 
he did not play attention at school or if behavior disorders or 
emotional outbursts made it difficult for him to play or get on 
properly with his play-mates, social adjustment was said to be 
iess good. 

If the intelligence of the child was markedly below normal 
or if his behavior was such that he had been sent to an insti- 
tution or the like, social adjustment was said to be poor. The 
results of these inquieries are summarised in table 23. 

The numbers given in the above table are based on_ the 
opinions of the parents, of the teachers or of the empioyers. 
As both the patients and the controls were investigated in the 
same manner, it seems justified to compare the results whereby 
it should, however. be borne in mind that the examination was 
only subjective. 

Social adjustment was considered good in 74.5 per cent of 
the patients, less good in 22.5 per cent and poor in 3 per cent. 
(Cases S 22. S 28 and P 3. see below). The corresponding fi- 
gures for the controls were 94 per cent, 6 per cent and 0. ‘The 
difference was statistically significant. (P 0.1 per cent). 

Case S 22, — The patient was a 6 year old boy and third in the 
family. Delivery had been normal. Development had been normal until 
the boy was three months old, when meningo-encephalitis occurred. 
After this disease, mental development was retarded. Increased irrita- 
bility, moodiness and restlessness were noted. He had spastic pareses 
of the legs and athetoid movements of the arms and hands. Judging 
by the psychometric tests, he was an imbecile. 

Case S 28. — The patient was a boy, aged 5 years and 7 moniiis, 
and was the third child. Delivery had been normal. When he was 16 
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Table 23. 


Social adjustment. 


Spontaneous | Postcatarrhal Total series | Controls 
Group meningo- meningo- 
encephalitis | encephalitis | number | per cent | number per cent 
Good 31 45 76 | 74.5 | 64 | 94 
Less good 11 12 23 22.5 | 4 | 6 
Poor 2 1 | 3 | a | 0 | 


days old repeated convulsions appeared, and on admission to hospital 
that day muscular hypertension and clonic convulsions were noted in 
the left half of the body. Examination of the CSF showed 209 cells/mm‘, 
mainly lymphocytes. The CSF changes soon subsided. Later he had 
repeated attacks of convulsions. Mental development was retarded and 
he was extremely restless. Re-examination showed him to be an 
imbecile. 

Case P 3. — The patient was a boy, aged 12 years and 1 month. 
He was the tenth child. Delivery had been normal. He was brought 
up under poor social conditions. When he was 5 months old he had 
meningo-encephalitis. Since then he had been very troublesome. He 
was restless and found it difficult to concentrate. Irritability was in- 
creased. He was quarrelsome and aggresive. At school he was parti- 
cularly troublesome and he often played truant and was therefore sent 
to an institution. 


As to the patients, difficulty at school was reported for a 
large percentage of those for which social adjustment was found 
to be less good. This point will be discussed below. 


Difficulties at School 


Of the patients, 59 were in school-age, i. e. 7—14 years of age. 
As many as 17 (29 per cent) were reported as having school 
difficulties. In 5 of them the difficulties could be ascribed to 
retarded mental development, but in all of the other 12 intelli- 
gence. as judged by TERMAN-MERRILL, was normal or practi- 
‘ally normal. 

Of the controls, 56 were in school-age and of these, there 
were only 3 who, according to the teacher, found school diffi- 
cull. In 2 cases difficulty at school was ascribed to retarded 
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mental development. in one of these it was seen in combination 
with specific word-blindness. In the third case intelligence was 
normal. The patients differed statistically from the controls 
regarding the frequency of school difficulties. 

As mentioned on page 60, assessment of intelligence of brain- 
injured individuals by the method of TERMAN-MERRILL is often 
poor and misleading. Such children manage the verbal tests 
well, but they often find it difficult to pass the performance 
tests (LORD & Woop 1942, WECHSLER 1944). The former tests, 
may compensate the latter and thus give a fairly high mean 
value, a value that may be misleading. In the children’s field, 
LorpD (cited by MEYER & BYERS) pointed out that the results 
obtained by standard intelligence scales were an unreliable 
index of learning ability after cerebral damage and that exa- 
mination of visuomotor functions and mental control were more 
relevant to the problem. STRAUSS & LEHTINEN (1950) found that 
brain-injured children showed impairment of mental processes 
involving discrimination of main figure from background, spatial 
orientation, in perceptions and synthesis and generalisation of 
ideas in thought processes. This synthesis and generalisation of 
ideas in thought processes corresponds to GOLDSTEIN’s abstract 
attitude, which includes “a conscious activity in the sense of 
reasoning, awareness and self-account of one’s doing”. This 
capacity is impaired in the presence of brain-injury. Further, 
STRAUSS & LEHTINEN stress that brain-injured children are 
readily distracted because of undue fixation of attention upon 
irrelevant external stimuli as well as to fluctuation in the per- 
ception of object and ground. MEYER & SIMMEL (1947) ex- 
pressed the view that children who have had encephalitis show 
serious difficulties in reasoning and learning. Tests of visuo- 
motor functions prove to be particularly sensitive to impairment 
of abstraction. Learning fatigues the child easily. The learning 
ability is influenced also by their pronounced attention diffi- 
culty. Lord & Woop (1942) pointed out brain injury as the 
cause of difficulty at school despite normal intelligence quotient, 
because disturbances were demonstrable above all in the visuo- 
motor field. MEYER & BYERS (1952) recently reported a careful 
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neurologic and psychologic investigation of 16 children who 
had had measles encephalitis and showed “that after apparent 
recovery abnormalities of mental functioning can be demon- 
strated in a very high proportion after neurological and electro- 
encephalosr -" + evidences of the disease have cleared. Easy 
fatigabilit, of tellectual function, defects in attention, defects 
in percer aal-- atial organization and defects in learning capa- 
cily tena io peisist for months or even permanently in about a 
third of the 

STRAUSS & LEHTINEN (1950) also studied brain-injured school 
children and ccacluded that “great difficulty was experienced 
in writing and especially in arithmetic. Puzzles and _perfor- 
mance tests were built erratically and incorrectly”. 

A brief survey is given below of the cases in which the 
children experienced difficulties of various kinds at school 
despite normal or practically normal intelligence. 

The teachers complaints and remarks can be classed into a 
few different groups. 

1. Behaviour disorders. — Behaviour disorders varied from 
very slight, such as finding it difficult to sit still or to get on 
with class-mates, to fairly severe disorders such as truancy, 
untruthfulness and lack of inhibition. Behaviour disorders were 
noled in 5 cases. 

2. Attention difficulties. — This was reported in 4 cases. 

3. Diffculty in one or more subjects. — As a rule the teacher 
did not complain or say that the child was weak in all subjects, 
but that he managed most of them fairly well, although that 
he was particularly weak in one or sometimes two subjects. 
Arithmetic was the subject that usually caused difficulty — 
in as many as 7 cases — after which came spelling, which was 
reported as poor for 5 of the children. In 2 cases the teacher 
reported that the children were weak in drawing. 

Neurologic symptoms were not often discovered. One child 
had a history of epilepsy with extrapyramidal symptoms, 1 had 
spells of fainting and 2 had mild vegetative symptoms, but 
in none of the other children were any neurologic symptoms 
or signs recorded. 


Vilsby 
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The most informative part of the investigation was the psycho- 
metric testing of the children. In the tests used in the present 
investigation it was not difficult to check the teacher's reports. 

asuri e time of reaction ¢ y aski > children 

By measuring the time of reaction and by asking the child 
to repeat a series of digits forwards and backwards it was 
possible to estimate the power of concentration and the atlen- 
lion of the child. The digit symbol test and the cube test pro- 
vided information regarding perceptual-spatial organisation 
and visual-motor co-ordination. The reproduction of a story 
revealed what sort of memory the child had. When word- 
blindness was assumed, the child was examined by a specialist. 
Brief case-extracts of those children who experienced difficully 
at school despite normal IQ are given below. 

Case S 1. — The patient was a girl, aged 13 vears and 8 months. 
She had had meningo-encephalitis at the age of 2 years. Afterwards 
mental sequels appeared — restlessness, difficulty to concentrate, in- 
creased irritability and vegetative symptoms, headache, dizziness, pal- 
pations etc. The difficulty she experienced at school was due mainly 
to psychiatric symptoms — she did not get on well with her class- 
mates, she was quarrelsome, she lied, she was impulsive and there was 
lack of inhibition. She managed well in all subjects except arithmetic. 
Testing showed normal intelligence. (IQ 99). She managed the verbal 
test much better than the performance test of TERMAN-MERRILL, This 
may possibly suggest a cerebal lesion. The cube test showed impaired 
visual motor co-ordination. 

Case S 12. — The patient was a boy, aged 9 years and 2 months. 
When he was 9 months old he had had a meningo-encephalitis. After- 
wards he sometimes fainted. He tired readily and he found it difficult 
to concentrate. He had difficulties in reading and spelling. His intelli- 
gence was normal (IQ 99). Further psychometric investigations con- 
firmed the teacher’s opinion of him, i.e. that he could not concentrate. 
Reaction time was long and the digit span test was below average. In- 
vestigation also revealed word-blindness, which was probably specilic, 
because a maternal uncle had also been word-blind. 

Case S 9. — The patient was a boy, aged 10 years and 6 months. /le 


had had meningitis at the age of 18 months. Except for enuresis, !1' 
had always felt well. Neurologic investigation showed nothing of in- 
terest. He was poor at school, especially in writing and arithmetic. 
Intelligence was found to be normal (IQ 103). He managed the ver)«l 
tests much better than the performance tests. Further psycometric 
investigation revealed impaired baragnosis, less good digit span test, 
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poor memory, less good digit symbol test, poor cube test. The poor 
memory and the poor visuo-motor co-ordination explain the diffi- 
culties he experienced at school, despite apparently normal intelligence. 

Case S 26. — The patient was a boy, aged 14 years and 7 months. 
Ile had had encephalitis at the age of 8 years. Since then he had had 
school difficulties. He gradually improved but he still found some 
subjects very difficult, especially arithmetic. He also found it diffi- 
cult to concentrate. Psychometric testing showed an average intelli- 
gence (IQ 93). He did mot manage the performance tests as well as he 
did the verbal tests. Further psychometric investigation revealed pro- 
longed time of reaction, poor baragnosis, digit symbol test was below 
average, and the cube test showed impaired form perception. The 
teachers report that the boy was unable to pay attention for any length 
of time: this was confirmed objectively by the prolonged time of 
reaction and his difficulty despite normal IQ may be explained by his 
difficulty to intergrate perceptions. 

Case S 33. — The patient was a boy aged 9 years and 2 months. 
Ile had had meningo-encephalitis at the age of 4 years and 6 months. 
At review he reported repeated attacks of convulsions, sometimes of 
jacksonian type. He experienced difficulty at school, especially in 
writing and arithmetic. At re-examination signs of brain injury were 
seen in the form of jerkiness and sluggishness of movements. His facial 
expression was waxen, and a coarse tremor of the left hand was ob- 
served. An IQ of 88 was noted. He managed the performance test but 
poorly. He had to try three times before he was able to copy a dia- 
mond. Further psychometric investigation showed prolonged reaction 
time, impaired memory, the digit symbol test was below average, form 
perception was poor and he could not manage the cube test. He thus 
had attention and concentration difficulties. His memory was poor, 
as was form perception, all of which can more or less explain the 
difficulties he experienced at school despite a fairly good IQ. 

Case S 36. — The patient was a boy, aged 7 years and 8 months. He 
had had meningo-encephalitis at the age of 4 years. Afterwards his 
behavior changed: he was restless, irritable and moody. At re-exami- 
nation the patellar- and achilles reflexes of the left leg were pro- 
, nounced. No other observations of interest were made. He had school 
difficulties. It was not easy for him to write digits and to shape letters. 
His IQ was 93. He could not copy a diamond. Further psychometric 
investigation showed poor memory, the digit symbol test was below 
average and cube test was poor. The poor memory and impaired visual 
motor co-ordination explained the difficulty experienced at school. 

Case S 42. — The patient was a boy, aged 14 years. At the age of 
% years he had had meningitis. Since then he had been nervous, irri- 
tability had been increased, he had temper tantrums and found it 
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difficult to get on with his class-mates. He could not manage so well 
at school as before. No neurologic symptoms or signs of interest were 
noticed. His IQ was 100, thus normal. Further analysis showed di- 
sturbed power of attention and impaired visual motor co-ordination. 
His difficulty at school was due to his emotional state and to certain 
disturbances in his power of attention and perception. 

Case P 14. — The patient was a girl, aged 9 years and 11 months. 
At the age 16 months she had had encephalitis. During the later course 
of the disease motor distrubances appeared. She complained of hea- 
dache and various vegetative symptoms. She had school difficulties 
and was particularly weak in arithmetic. It was not easy for her 
to concentrate or pay attention for any length of time. At review no 
neurologic or psyciatric symptoms were noted. Her intelligence quotient 
was 96 according to Terman-Merrill, thus normal. Further analysis 
showed increased reaction time, poor memory and poor cube test. 
Her difficulties at school were perhaps due to inability to concentrate, 
poor memory and poor visual-motor co-ordination. 

Case P 25. — The patient was a boy, aged 9 years and 10 months. 
He had had encephalitis at the age of 1 year and 4 months. After the 
disease had passed over increased irritability and increased fatiguabi- 
lity were noted. At school he found all subjects difficult but especially 
reading, writing, arithmetic and drawing. Neurologic examination 
revealed no abnormalities. Intelligence was normal (IQ 103). Further 
analysis showed increased reaction time, the digit span test was below 
average, and the cube test was poor. In addition he was found to be 
word-blind (word-blindness was not known in the family). The test 
thus showed impaired power of attention and concentration, and poor 
visual-spatial organisation, and it was probably this last mentioned 
impairment that was responsible for the word blindness, which was 
then probably symptomatic. It is therefore not astonishing that he 
found school difficult despite normal intelligence. 

Case P 39. — The patient was a boy aged 8. At the age of 3 years 
and 3 months he had had meningo-encephalitis. For a short time after- 
wards he had persistant spastic paresis of the right leg and he was 
very troublesome at home, he was readily irritated and had temper 
tantrums. These symptoms gradually disappeared completely. At school 
he was the worst in the class and he found reading and arithmetic 
very difficult indeed. His intelligence was slightly low (IQ 85). Further 
analysis revealed increased reaction time, the digit symbol test was 
below average and the cube test was poor. Decreased intelligence 
cannot explain his being at the bottom of the class, which is prob:)ly 
due rather to inability to concentrate and impaired visual-spatial 
organisation. 

Case P 42. — The patient was a boy aged 8 years and 3 moniis. 
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At 3 years he had had meningo-encephalitis. He afterwards often had 
headache, he felt tired, he found it difficult to concentrate and he 
was restless, readily irritated and sometimes lost his temper for no 
apparent reason. At school he had no difficulties in learning, although 
he did find drawing and gymnastics difficult. On the other hand, there 
was a fair lack of inhibition, he was noisy and he was very talkative. 
lis intelligence was possibly slightly below normal for age (IQ 88). 
Reaction time was increased and perception of form was impaired 
(this was also reflected by the difficulty he had in drawing). His diffi- 
culty at school was due to his emotional state, to his difficulty in 
concentration and his poor perception of form. 

Case P 3. — The patient was a boy aged 12 years and 6 months. 
The boy came from a poor family and he had meningo-encephalitis 
when he was 5 months old. Afterwards there were restlessness and 
concentration difficulties, he was quarrelsome and aggressive. He was 
also readily irritated, and tended to experience emotional outbursts 
for no apparent reason. He was unfit for an ordinary school, because 
he was so quarrelsome and troublesome, he played truant and did not 
do his homework: he was therefore institutionalised. Neurologic exa- 
mination showed a shy, quiet boy with fixed and immobile facial 
expression. His standard of intelligence was slightly below average 
(1Q 87). Further analysis showed impaired memory, the digit symbol 
test was below average and the cube test was less good. He also had 
word-blindness (specific dyslexia). His difficulty at school was due 
mainly to his emotional statement, which might have been a sequel 
following encephalitis, although constitutional and environmental fac- 
tors must also be considered. Word-blindness contributed to the diffi- 
culty at school as did his poor memory and defective visual-motor 
co-ordination. 


The results of the investigation are summarised in Table 24. 
It is clear from this table that all of the children passed one 
or more of the tests but poorly. Seven of the children showed 
defects in attention, all of them except one had defects in 
perceptual-spatial organisation. In five memory was poor. Three 
were word-blind. Two probably had specific dyslexia and in the 
third it was probably due to the defect in the perceptual-spatial 
organisation because there was no word-blindness in the 
family. 

it is therefore not difficult to understand that these children 
found school difficult. Impaired attention and poor memory 
explain some of the school difficulties. If it be borne in mind 
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Table 24. Investigation of children with average IQ but with school difficulties 


after meningo-encephalilis. 


Case | Sex =| Aeeat SID SS ZID | Neurologic symptoms 
| | | 
= | 
$1 Q 2 1 13 8/19 | + | + Vegetative symptoms 
| | 
$9 {| 1 | 10 8/12 | | Enuresis 
S 12 9/12 | 9 2/12 | | Fainting 
S 26 8 | 14 7/12 | | | | 
| | | 
33 9 | Jacksonian convulsions 
| | Extrapyramidal symptoms 
S 36 4 | | | 
} | 
S 42 | y | 14 | 
| | | 
Pit] | 1 | 9 | | | Vegetative symptoms { 
| | | | | ‘ 
P 25 | 9 | | - 
| 
P 3 | 38/2 | 8 | + 
P 42 8 3/, | 
12 */12 + +i t+ 
| 
that practically all of the children also had defects in perceptual 
spatial organisation with impaired visual motor co-ordination. ‘ 
it is easy to understand that they had difficulties with reading t] 
and writing. The difficulty they had with arithmetic was is 
5 
striking and this can be explained by impaired abstract te 
thinking due to the cerebral lesions. " 
In a few cases difficulty at school was due to different forms d 
of behaviour disorders, but in most cases these behaviour dis- ™ 
orders were so slight that they could not be held responsible sf 
for school difficulties unless in association with some of the d 


above-mentioned defects. 
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These types of school difficulties occur not only in children 
who have had encephalitis but also in children who have 
sustained any type of cerebral injury, such as trauma in asso- 
ciation with delivery, head injury later in life or the like. This 
may be exemplified by one of the controls. 

Case K 8. — A boy age 13. Delivery had been complicated and had 
to be concluded with forceps. Somatically, development appeared to 
be normal. However, he had a very bad temper. He tended to tear 
things to pieces and destroy things when he could. At school he found 
several subjects difficult. When reviewed no symptoms or signs of 
neurologic disturbances were observed. He was mentally sluggish. His 
intelligence was normal (IQ 90). He did not manage the performance 
tests, but he managed the verbal test better than what migh be expected 
from a child of his age. Further psychometric analysis showed im- 
paired visual-motor co-ordination. He had probably sustained cerebral 
injury at birth. 

It does not sound unreasonable to suppose that many school- 
children, who are regarded as troublesome and_ obstinate, 
sluggish-minded or uninterested, because in the opinion of the 


teachers they should have managed much better — for tests 
showed a normal IQ — have sustained some sort of brain 
injury. 


A question that then presents itself is how can these children 
be helped. No hard and fast rules can be formulated. The most 
important thing is that the parents and the teachers realise the 
cause of such traits and understand that it is not really the 
children’s fault, and treat them accordingly. 


SUMMING UP, less good social adjustment is not an uncommon 
sequel after meningo-encephalitis and is just as frequent after 
the spontaneous as after the post-catarrhal forms. This less 
good adjustment is, however, usually not of such severity as 
to require institutionalisation of the child. In the present series 
only 3 children were classed as maladjusted. As a rule, the 
disturbances are fairly mild, but nevertheless sufficient to 
handicap the child in later life. In a few cases neurologic 
symptoms handicap the child, in others it is the emotional 
disturbances that make it difficult for him to adjust himself 
to his environments and. finally, there is a third group, the 
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largest, in which the sequels make school difficult. These 
difficulties at school are due partly to emotional disturbances, 
partly and above all to intellectual defects, in visuo-motor co- 
ordinations, inability to integrate different perceptions, im- 
paired memory, impaired power of concentration and the like. 
The global intelligence as judged by ordinary intelligence tests 
such as by TERMAN-MERRILL test is usually normal. 


COMPARISON BETWEEN THE PATIENTS AND 
THE CONTROLS 


The two series were comparable with the exception that in 
one, the children had been known to have had meningo-ence- 
phalitis, in the other they had apparently not had this disease. 
This infers then that any differences found between the two 
series at the review can logically be classed as sequels after 
meningo-encephalitis. Any other lesions such as trauma at deli- 
very, head injury later in life, anoxemic injury and _ possibly 
undetected meningo-encephalitis or asymptomatic pleocytosis 
were probably just as common in both series. As both the 
patients and the controls were comparable regarding social 
standard, environmental factors were probably negligible or of 
only minor importance. 

The results of the investigation are summarised in table 25. 
It is clear from the table that the number of neurologic symp- 
toms is larger and the results of the tests poorer and social 
adjustments likewise poorer among the patients than among the 
controls. In most respects the difference was statistically siqni- 
ficant, in others the series were too small to permit valid 
conclusions. 

The difference in the frequence of headache, convulsions, 


pareses and extrapyramidal symptoms was statistically signi- 
ficant. As to emotional disturbances, the difference in the num- 
ber of individuals in the two series was not statistically signi- 
ficant, but. if we consider the number of symptoms per indi- 
vidual, the difference was significant. As to the vegetative symp- 
foms the results permitted no definite conclusion. Retarced 
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Comparison of the patients with the controls regarding the 
results of the investigation. 


Headache 
Seizures 


Pareses 


Vegetative symptoms 


Intelligence: good 


haragnosis: normal 


Memory: normal 


Cube test: good 


Clinical series Controls 
Symptom or test , Difference 
: per pel 
number number 
cent cent 
| | 
19 19 | 4 | 
16 16 QO | statistically significant 
6 6 0 = %) 
Extrapyramidal symptoms 8 8 2 
Emotional disturbances 35 34 16 24 statistically significant 
52 symptoms/person 20 29 5 regarding number of 
symptoms per individual. 
(P=0.1 %) 
Physical underdevelopment | Ze 0 
| 
; 10 19 20 29 statistically significant 
average | 69 67 40 59 | (P<1 %) 
less good 13 
poor | 10 10 3 
Reaction time: normal ; 51 64 54 84 statistically significant 
abnormal 29 36 10 16 (P< 1 %) 
| 54 66 47 75 tendency 
impaired 27 34 16 25 not statistically significant 
ligit span test: average 4 71 56 9) | statistically significant 
below average 22 29 6 10 (P<1 %) 
51 72 42 72 no difference 
impaired 20 28 16 28 
ligit symbol test: average 32 47 45 79 statistically significant 
below average} 36 53 12 21 | (P<0.1 %) 
51 62 49 77 tendency 
less good 11 14 9 14 not statistically significant 
I—_ Fj 
poor 20 24 6 (10 % >P>5 %) 
social adjustment: good | 76 74.5 64 94 statistically significant 
less good| 23 | 22.5 4 | (P=0.1 2%) 
poor 3 | 3 0 | 
| 


physical development was noted in only 


2 cases, both in the 


patients. Statistical analysis of the observations recorded at 


psychometric investigation revealed a_ significant difference 
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between the series regarding intellectual development, recation 
time, digit span test and digit symbol test. As to baragnosis and 
the cube test, the patients did not manage these tests as well 
as the controls, but the difference was not significant. ‘The 
series did not differ regarding memory. The series differed 
significantly with respect to social adjustment. 

Finally, we find a significant difference between the series 
regarding difficulties at school. 

SUMMING UP, it may be said that the two series differed in 
many respects from one another and that these differences must 
be due to earlier meningo-encephalitides. 

A similar tendency was also recorded for the twins included 
in the present series. 


COMPARISON BETWEEN TWINS 


Four of the children who had had meningo-encephalitis and 
one who had had CNS-involvement in association with varicella 
had a twin brother or sister. These 5 co-twins were also exa- 
mined. In one of the cases the twins were probably enzygotic 
(at delivery the mother had been told so at the maternity 
department and the children closely resembled one another in 
appearance). The other children were dyzygotic. The occur- 
rence of 5 pairs of twins in a series of 165 children is re- 
markable; it may, of course, be due to chance, but, on the other 
hand, it may be that they were prematures at birth and, at least 
as far as certain diseases are concerned, the morbidity rate for 
prematures is distinctly higher than for other infants during 
the first few years of life. 

No matter whether the occurrence of these twins was due to 
chance or not, it was thought of interest to study there develop- 
ment and the symptoms, for here any differences found could 
hardly be ascribed to environmental factors. The data obtained 
are summarised in tables 26 to 30. 

All of the twins that had had clinical meningo-encephalitis 
had symptoms of cerebral injury, while 3 of the co-twins 
showed no neurologic, emotional or psychometric signs 0! 


to 


Table 26. 


Enzygotic twins Case P 31 Q Case K 12 Q 
Delivery normal normal 
State post partum normal normal 
Birthweight in grams 2 040 2 800 
Physical, mental and | normal normal 
emotional development 
Other diseases measles measles 
\ge and observations | 4 months —— 
made at time of | restlessness, muscular 
meningo-encephalitis hypertension, —bulgent 
fontanel 
{ge at time of review 6 years 3 months 6 years 3 months | 
Symptoms occasional headache headache when tired — | 
| 
Signs neurologic neurologic 
and psychiatric and psychiatric 
examination revealed | examination revealed 
nothing of interest nothing of interest 
Tests 
Intelligence IQ: 97 IQ: 100 
Baragnosis poor impaired 
Reaction time increased normal 
wide variance 
Memory could not be tested normal 
Digit span test average average 
Cube test poor good 
Social adjustment good good 
Remarks. — The enzygotic twins did not differ psychically or neurologi- 


cally from one another. The psychometric investigation showed normal 
intelligence for both, but further psychometric investigation revealed 
distinct differences; the one that had had meningo-encephalitis had 
increased reaction time. poor baragnosis, poor memory and poor form 


perception. 


disturbances. In the fourth case the co-twin, as judged by 
psychometric tests, had cerebral injury, and this had probably 
Deen sustained at delivery. He only weighed 1.300 gm. at birth. 

The fifth, the one in the varicella series had had asymp- 
tomatic pleocytosis. No differences of interest were observed 
between this child and the co-twin at review. This is in accord 
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Table 27. 


Dyzygotic twins 


Case P 16 Q 


Case K 4 


Delivery 
State post partum 
Birthweight in grams 


Physical, mental and 
emotional development 


Other diseases 


| Age and observations 
|made time _ of 
meningo-encephalitis 


Age at time of review 


Symptoms 


| Signs 


| Tests 

| Intelligence 
Baragnosis 
Reaction time 
Memory 

| Digit span test 
Digit symbol test 
Cube test 


Social adjustment 


normal 
normal 
2 230 


normal 


measles 


2 months 
focal convulsions 


8 years 11 months 


convulsions during first 
few years of life, 
increased irritability, 
restlessness, con- 
centration difficulties 


Restlessness, con- 


| centration difficulties 


IQ: 73 

normal 
normal 
impaired 
average 

below average 
poor 


less good 

school difficulties 
emotional disturbances 
not popular among 
class-mates 


normal 
normal 
unknown 


normal 


measles 


8 years 11 months 


quiet and balanced 


neurologic 

and psychiatric 
examination revealed 
no signs of inpairmen! 


IQ: 109 
normal 
normal 
normal 
average 

below average 
good 


good 


Remarks. 


that had had meningo-encephalitis was quick-tempered, he was restless, 
he found it difficult to concentrate. Psychometric investigation showed 
that the intelligence of the patient was below normal for age, his memory 


The differences between the twins were striking. The child 


was poor, as was perception of form. Neither was social adjustment 4 


good as that of the co-twin. 


with the usual finding that asymptomatic pleocytosis in asso- 
ciation with varicella appears to be seldom followed by sequ«ls 


(see chapter VIII). 
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Table 28. 


Dyzygotic twins Case P 54 Case K 68 | 

| 

Delivery Caesarean section Caesarean section 
State post partum normal normal | 
Birthweight in grams 2 550 2 559 | 


Physical, mental and] normal the first 5 weeks | normal 
emotional development 


Other diseases varicella, mumps varicella, mumps 


\ge and observations | 5 weeks 
made at time  of| repeated general 


meningo-encephalitis convulsions 

(ge at time of review | 5 years 3 months 5 years 3 months 
readily, concentration | popular, good con- 
difficulties, destruc- centration ability and 


| 
| 

| 

Symptoms restlessness, tires quiet and balanced, | 
| 

tiveness, impulsiveness | perseverence 

| 

| 

| 

| 


| Signs Restlessness, no neurologic or 
impulsiveness psychiatric 

| lack of inhibition symptoms or signs 

| Tests 

| Intelligence failed because of the | IQ: 90 


| 
| 
behavior disorders, | 
the child gave an | 
impression of low IQ | 
impaired form percep- | Form perception | 
tion (formboard, copy | normal | 

| 


| square) | | 
social adjustment less good good | 
‘annot play with other | | 

| | 

children | 

Remarks. — The patient differed distinctly from the co-twin. The one 


that had had meningo-encephalitis was moody, he found it difficult to 
concentrate, he was restless, impulsive and destructive. His intelligence 
seemed to be considerably below normal and form perception was poor. 
The co-twin was practically the opposite: he was balanced and good 
tempered, of average intelligence, and form perception was normal. 


Comparison of the twins with the co-twins showed the same 
tendency as that seen on comparison of the patients with the 
controls. 
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Table 29. 


Dyzygotic twins 


Case S 36 oO 


Case K 27 of 


Delivery 


State post partum 


normal normal 
normal normal 

Birthweight in grams 2 630 1 300 
mental and | normal normal 


Physical. 
emotional development 


Other diseases 


Age observations 
made at time 
meningo-encephalitis 


Age al time of review 


Symptoms 


Signs 


Tests 
Intelligence 
Baragnosis 
| Reaction time 
Memory 
| Digit span test 
Digit symbol test 
Cube test 


| 
| Social adjustment 


varicella, measles, 
mumps, whooping 
cough 

years 

meningitis, paresis of 
one leg, bad tempered 


7 years 8 months 


restlessness, increased 
irritability, quick 
tempered 


spastic reflexes of left 
leg, walking not im- 
paired 


1Q: 93 
normal 
normal 
impaired 
below average 
below average 
poor 

less good 


school difficulties 
especially penmanship 


varicella, measles. 
mumps, whooping 
cough 


7 vears 8 months 
Quiet and balanced 


no neurologic or 
psychiatric 
symptoms or signs. 


1Q: 86 


| impaired 


normal 
impaired 
average 
average 
poor 


good 
no school difficultics 


Remarks. 


emotional symptoms and social adjustment. On the other hand, psycho- 
metric investigation revealed cerebral] injury in both. It is probably that 
the patient’s symptoms are 
parents also reported that they had noted changes in behaviour after ihe 
disease. Those signs of cerebral injury observed in the co-twin are probably 
due to injury at delivery. His birth weight was only 1300 gm, while that 


sequels from 


of the brother i. e. the one who had had meningo-encephalitis, was 2 630 


The patient differed distinctly from the co-twin regarding 


meningo-encephalitis 
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Table 30. 


Dyzygotic twins 


Case V 16 Q 


Case K3 


Delivery 
State post partum | 
Birthweight in grams 


Physical, mental and | 
emotional development 


Other diseases 


Age observations 
made at time of 
meningo-encephalitis 


Age at time of review 
Symptoms 
Signs 


Tests 
Intelligence 
saragnosis 
teaction time 
Memory 
Digit span test 
Digit symbol test 
Cube test 


Social adjustment 


normal 
norma! 
3 000 


normal 


mumps, whooping 
cough 


8 years 
asymptomatic pleocy- 
tosis after varicella 


8 years 6 months 
none 

no neurologic or 
psychiatric 
symptoms or signs 


1Q: 80 

impaired 
increased for light 
impaired 


average 
average 
less good 


good 


norma] 
normal 
3 900 


normal 


mumps, whooping 
cough 


8 years 6 months 
none 

no neurologic or 
psychiatric 
symptoms or signs 


IQ: 79 

impaired 

increased for light 

impaired 

average | 

below average 
| 
| 


less good 


good 


temarks. — No 


neurologic, 


psychiatric 


were observed between these twin brothers. 


or 


psycometric differences 


ASSESSMENT OF THE FREQUENCY OF SEQUELS 


Comparison of the patients with the control series dinstinctly 
showed that various kinds of sequels must be expected after 


meningo-encephalitis. On the other hand, the comparison taught 
nothing with regard to what frequency such sequels occurred. 


Neither 
for the 


is it easy to calculate the frequency of such sequels, 
simple reason that they are not specific and can thus 


be produced by various factors or circumstances. 


Nevertheless, comparison of the patients with the controls 


111 
>= 
| 
| 
= 


112 


concerning brain injury will probably convey at least a rough 
idea of the frequency of cerebral symptoms following meningo- 
encephalitis. But, then again, it is difficult, especially in some 
cases, to decide whether or not the symptoms are attributalle 
to brain injury. 

Despite these difficulties, an attempt was made to estimate 
how common sequels are after these meningo-encephalitides. 
For this purpose the series was divided into 3 groups. 

Group 1 comprised those patients in whom brain injury could 
be demonstrated with certainty or with a high degree of 
probability. For a patient to be assigned to this group, 
(a) neurologic symptoms must have been recorded or (b) he 
must have had convulsions in a later course, convulsions for 
which no other explanation was available or (c) he must have 
had severe behaviour disorders and psychometric tests must 
have suggested brain injury, or (d) there must have been some 
marked change in his behaviour since the disease. 

Group 2 consisted of those patients in whom cerebral injury 
was thought possible, as judged at the psychometric investig- 
ation by several of the answers typical of brain injury. 

Group 3 consisted of those with no signs of brain injury, 
neither neurologic, psychiatric nor psychometric. 

The distribution of the patients and controls among these 
3 groups is given in table 31. 

It is clear from the table that patients who had _ had 
spontaneous meningo-encephalitis did not differ from those 
who had had postcatarrhal meningo-encephalitis regarding the 
frequency of signs of brain injury afterwards. Therefore. in 
the later comparison with the controls, these 2 groups were 
taken together. 

Thus, 46 per cent of the patients had certain or probzable 
brain injury as compared with 9 per cent of the controls. ‘The 
injury in the 9 per cent of the controls must surely be due to 
injury e. g. in connection with delivery, anoxemic injury. )0s- 
sibly undiagnosed meningo-encephalitis, and the frequency of 
brain injury due to these factors must surely be about the s:me 
in the clinical series. This would then infer that a meningo- 
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Table 31. Frequency of cerebral injury at time of review. 


Spontaneous Postcatarrhal 
meningo- meningo- Total series Controls 

Cerebral injury encephalitis encephalitis 
number} Inumber| P& |number| |number| P& 
cent cent cent cent 
Certain or probable 22 50 25 4: 47 46 6 9 
Possible 4 9 5 9 9 9 2 3 
No signs 18 41 28 48 46 45 60 88 


encephalitis was responsible for the sequels or signs of cerebral 
injuries in about 35 per cent of the patients who had been 
known to have had meningo-encephalitis. 

These figures refer, of course, to the conditions of the 
subjects at the time of review: this should be borne in mind 
when judging the frequencies of sequels after meningo- 
encephalitis. At review it was not infrequently noted that the 
patient had had considerable symptoms during the first few 
years after the acute disease, but that these troubles had 
gradually passed off. In a few isolated cases the symptoms 
were neurologic, but, as a rule, the sequels consisted of 
behaviour disorders. Even in those cases in which behaviour 
disorders were observed at the review, they usually were by 
then much less pronounced than immediately after the acute 
illness. In view of the above remarks it appears that the late 
prognosis improves with increasing interval between the review 
and the re-examination. 

Of the present patients, there were 9 who had had pronounced 
psychiatric or neurologic symptoms which had disappeared 
completely by the time of the review, at which no neurologic 
signs or symptoms or psychiatric symptoms were recorded. 
However, in 4 of these cases, psycholometric tests suggested 
cerebral injury. 

These cases are described below. 

Case S§ 2. — The patient was a boy, who at the age of 1 year and 
2 months had had meningo-encephalitis with prolonged convulsions 
with focal symptoms. The week after his arrival he had 2 seizures. 
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Up to the age of 8 or 9 years he complained of headache, he was shy, 
but these symptoms gradually disappeared and at the review, he was 
then 13 years old, he showed no neurologic or psychiatric symptoms 
or signs. Psychometric tests revealed impaired memory and poor visual 
motor co-ordination. 

Case S 3. — At the age of 4 years 6 months the patient, a boy, had 
had meningo-encepalitis with headache, psychiatric symptoms, papilli- 
tis and extrapyramidal symptoms. The following 2 years there was 
increased irritability, moodiness and the child did not get on so 
very well with his play-mates. At review, the patient was then 17, 
no neurologic symptoms or signs and no psychiatric disorders were 
noted. Psychometric investigation showed no impairments. 

Case S 26, — At the age of 8 years, the patient, a boy, had had ence- 
phalitis with clonic convulsions of the M. sternocleidomastoideus. ‘The 
following few years he could not follow the lessons at school. Frequent 
headache and clonic convulsions of the M. sternocleidomastoideus when 
he was tired. At review, the patient was then 14, no neurologic or 
psychiatric symptoms or signs were noted. Tests showed impaired 
attention and concentration ability and impaired visual-motor co- 
ordination. 

Case S 27. — At the age of 3 years, the patient, a boy, had had me- 
ningitis with tirédness, listlessness and abdominal pain. The following 
few years he was very troublesome, readily irritated and had tem- 
per tantrums. At review, the boy was then 7, he appeared somewhat 
shy, but otherwise psychiatric and neurologic examination revealed 
nothing of interest. He managed all of the psychometric tesis well. 

Case P 5, — At the age of 6 months the patient, a boy, had had 
meningo-encephalitis with small convulsions of the hands and round 
the mouth: he had also been listless. The following few years he had 
been restless and had a bad temper. At review, he was then 12, no 
neurologic, or psychiatric symtoms or signs were observed. Psycho- 
metric investigation showed no impairments. 

Case P 13. — At the age of 5 years, the patient, a girl, had had 
meningo-encephalitis with focal convulsions and prolonged loss of 
consciousness. The following few years she had been very troublesome. 
She complained of headache, she was tired, readily irritated, moody 
and had concentration difficulties and sometimes she appeared com- 
pletely indifferent to her surroundings. At review, she was then 11, 
no neurologic or psychiatric symptoms or signs were noted. Psycho- 
metric investigation showed no impairments. 

Case P 38. — At the age of 1 year, the patient, a girl, had had repe- 
ated convulsions. Up to the age of 3 she had several seizures. At revic\, 
she was then 7, no neurologic symptoms or signs were noted. Psyciio- 
metric investigation showed no impairments. 


115 


Case P 39. — At the age of 3 years, the patient, a boy, had had 
meningo-encephalitis with spastic paresis of the right leg. The paresis 
persisted for some months but gradually subsided. The first year after 
the disease was troublesome: the child was readily irritated and had 
temper tantrums. At review, he was then 8, no neurologic or psychia- 
tric symptoms or signs were observed. The psychometric tests showed 
attention and concentration difficulties and impaired visual-motor co- 
ordination. 

Case P 44. — At the age of 4 years 6 months, the patient, a boy, had 
had encephalitis with psychiatric symptoms, bilateral ptosis and right- 
sided abducens paresis. The first year afterwards he was very bad- 
tempered, but gradually improved. At review, he was then 10, no 
neurologic symptoms or signs were observed. Psychometric tests 
showed normal IQ with impaired concentration and attention ability, 
impaired visual-motor co-ordination. 

That the symptoms subside with increasing interval between 
the acute onset of meningo-encephalitis and the review has been 
stressed by other workers in this field. SPRAGINS, SHINNERS & 
ROCHESTER (1950) reviewed 31 cases of measles encephalitis 
and pointed out that the sequels regularly showed a strong 
tendency to subside. This also applies to meningo-encephalitis 
after vaccination against small-pox (MILLER 1953). 

In none of the cases in the present series was it possible to 
demonstrate with certainty any progression or later appearance 
of sequels referable to the primary meningo-encephalitis. 

In one case, however, a later appearance of sequels might 
be considered. 

Case S 8. — At the age of 10 years the patient, a boy, had had me- 
ningitis with mild symptoms. At review he was 20. Development had 
been normal, but the last few years he had become nervous, he had 
lost self confidence, he was readily irritated and moody. He often had 
headache and sweated fairly profusely. At examination he was tense 
and nervous. Psychometric tests revealed impaired concentration abi- 
lity and impaired visual-motor co-ordination. It is probable that he 
had sustained brain injury at the time of the primary disease, but that 
it had remained concealed until later in life in association with the 
stress placed upon him when he had to earn his own living. 


SUMMING UP, it may be said that about one third of the 
patients reviewed 2—12 years after the acute primary disease 
showed signs of cerebral injury that might be ascribed to the 
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sarlier meningo-encephalitis. Both the neurologic and_ the 
emotional sequels showed a tendency to subside with time. It 
is possible that special psychometric tests can reveal any per- 
sistent cerebral injury despite the absence of clinical symptonis. 

As to the children with persistent symptoms at the review, 
the symptoms were regularly less severe than shortly after the 
disease. The symptoms that persist are as a rule mild and they 
only slightly handicap the child: only in few cases are the 
neurologic or psychiatric symptoms so severe as to _— to 
invalidity or social maladjustment. 


FACTORS OF POSSIBLE PROGNOSTIC IMPORTANCE 
Age at Onset 


It was considered that a given injurious agent might be 
capable of causing a greater ae during the first year of life 
than later, i.e. after the brain has attained greater maturation 
and differentiation. The series was therefore divided into two 
groups, those in whom meningo-encephalitis had occurred 
before the age of one year and those in whom the disease had 
occurred later. The percentage with certain or probable cerebral 
injury in the former group was 47 per cent as compared with 
43 per cent in the latter. It thus appears as if the age at the 
time of onset of the meningo-encephalitis is of no prognostic 
importance. 


Sex 


Behaviour disorders are much more frequent in boys than 
in girls. In the present series in which there were also more 
boys than girls, both sexes were studied for the frequency of 
sequels. Certain or probable cerebral lesions had been recorded 
in 42 per cent of the boys and in 51 per cent of the girls al 
the review, and as this difference could be ascribed to chance, 
it may be concluded that the frequency of sequels in the preset 
series did not differ with sex. 

Thus, the higher percentage of boys than girls with behavi: 
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| disorders cannot be ascribed to corresponding higher frequency 
of psychiatric sequels after meningo-encepahlitides. Judging by 
the literature, it appears that sequels of meningo-encephalitides 
play only a minor réle as a causal factor of behaviour disorders 
in children. 

: BENDER (1942) reported that of 4000 children at the 
Children’s Ward of the Psychiatric Division of Bellevue 
Hospital for all sorts of behaviour disorders, these disturbances 
, could possibly be ascribed to earlier encephalitis in 55 (0.14 
per cent) of the cases. BAKWIN (1949) reported that of the 
children seen at the Child Guidance Home in Cincinnati for 
different types of behaviour disorders, about 3 per cent had 
had encephalitis. GUNNARSSON (1946) described a Stockholm 
series of 175 children with behaviour disorders in which 
encephalitis might have been the causal agent in only 1 case. 

These percentages are surely too low and in the series referred 
to, it is probable that many of the children had had encephalitis, 
but that the disease had been so mild that it had either passed 
| unnoticed or had been mis-diagnosed. 

The high frequency of behaviour disorders in the present 
series argues in favour of this assumption. The behaviour 
disorders were often admittedly only slight, but in many cases 
they were severe enough for the parents or the teachers to 
class the children as troublesome. 


Primary Meningitis or Encephalitis. 


It was pointed out in an earlier section that it is clinically 
difficult to decide whether a child has meningitis or encephalitis 
or both, i. e. meningo-encephalitis, and that in most cases both 
the meninges and the encephalon are involved. Nevertheless, 
it appears that in some cases only the meninges were involved: 
therefore the series was tentatively divided into two groups, na- 
me!y meningitis on the one hand, and encephalitis or meningo- 
encephalitis, on the other hand, and the frequency of cerebral 
injury in either group was determined. In the group that had 
meningitis in the acute stage, probable or certain cerebral injury 
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was demonstrated in 33 per cent as against 49 per cent in ihe 
other group. Although this difference was not statistically 
significant, it is possible that the frequency of sequels is lower 
after uncomplicated meningitis than after meningo-encephalitis. 


The Duration and Clinical Severity of Meningo-encephalitis 


MEYER & BYERS (1952) stressed that the prognosis of post- 
measles encephalitis is better if the disease has a short acute 
course. It is perhaps also to be expected that meningo- 
encephalitis with a mild and short course is less liable to be 
followed by sequels than is meningo-encephalitis with a severe 
and long course. In order to check this assumption, the series 
was divided into two groups according to the severity of ihe 
acute disease. Those cases in which the clinical symptoms 
were brief and mild and lasted only 1 day (CSF changes 
naturally persisted longer) were assigned to one group, ihose 
in which the course may be classed as severe and long, io ihe 
other group. Probable or certain evidence of cerebral injury 
was demonstrated in 31 per cent of the first group, as compared 
with 52 per cent of the second group. Although this difference 
was not statistically significant, it is possible that the prognosis 
is better for the mild cases. The high percentage of sequels 
found in the present series even after mild cases of meningo- 
encephalitis is in accord with the observation made with 
increasing frequency in modern literature that sequels, 
especially emotional disorders, must be expected after even 
apparently mild forms of encephalitis (BAKER 1949, BAKWIN 
1949 and PETTE 1952). 

TO RECAPITULATE, neither the age at the time of the onset 
nor sex appears to be of prognostic importance. It seems that 
if the symptoms are such as may be ascribed to mening'tis 
only, or if the disease is acute and short, the prognosis may 
possibly be better than if the disease is clinically severe «nd 
prolonged. However, the series was too small to permit #y 
valid conclusions in this respect. 


CHAPTER VIII 


CENTRAL NERVOUS INVOLVEMENT 
IN VARICELLA 


INTRODUCTION 


During the last few decades central nervous involvement in 
association with the various epidemic diseases of childhood, 
morbilli, rubeola, mumps, scarlet fever, varicella and whooping 
cough, have been reported with increasing frequency. 

In the beginning only meningitides and meningo-encephali- 
tides following these infectious diseases were reported. The 
frequency of this central nervous involvement varied from one 
epidemic to another. It was generally believed that the risk 
of encephalitis following such an epidemic disease was 1: 1000 
or 1: 500. It is, however, hardly possible to give anything 
like exact figures, because these diseases are often cared for 
at home without medical consultation so that it is not possible 
to know how frequent these diseases really are. Stiil more 
uncertain is the frequency of central nervous involvement 
after it had been observed that involvement of the nervous 
system sometimes produces only very slight symptoms or 
sometimes no symptoms at all. The more frequently routine 
lumbar puncture was performed the more frequently was it 
observed that the central nervous system was involved, and 
then usually in the form of asymptomatic pleocytosis. 

Of 369 persons who had had morbilli during 1938—1940 
period J. BANG (1941) observed asymptomatic pleocytosis in 
21 (5.8 per cent). In addition, there were 5 cases with clinical 
meningo-encephalitis. In this series the CSF sample was, as a 
rule, tapped within 4 days of the appearence of the exanthema. 
OJALA (1947) studied the CSF of 123 persons tapped, within 
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5—10 days of the onset of the exanthema. In 46 (30 per cent) 
he found pleocytosis, more than 3 cellsmm*, but in only 4 
cases did the patients show symptoms or signs of meningo- 
encephalitis. Roos (1942) also stressed that asymptomatic 
pleocytosis can occur in association with, or after, measles. 

SILWER (1936) studied 30 patients who had had mumps, but 
who showed no clinical symptoms of involvement of the CNS 
and he found pleocytosis, more than 3 cells/mm’, in 13 
(43 per cent). BANG & BANG (1943) reported pleocytosis in 
65 per cent of 235 patients with mumps. Of these, only 45 
per cent showed clinical evidence of meningitis or meningo- 
encephalitis, while the others (55 per cent) showed no neuro- 
logic symptoms at all. 

J. BANG (1943) made routine studies of the CSF from patients 
with varicella treated within a 2-year period at Blegdam 
Hospital in Denmark. Of his 136 patients from whom CSF 
had been tapped within a day or so of the appearance of the 
skin eruptions, pleocytosis was recorded in 7 (5 per cent). An 
objection that can be raised against his series is that it was 
selected, in that only clinically severe cases are admitted to 
hospital. 


THE PURPOSE OF THE STUDY 


In order to avoid this source of error in the present 
investigation, CSF studies were made only of children in whom 
varicella appeared while they were in hospital. Those children 
who had been admitted because of varicella sequels were thus 
not included. 

These children with nosocomial varicella were submitted to 
lumbar puncture on the 7—10 day after the appearence of the 
eruption, independently of any clinical symptoms of CNS 
involvement. 

This investigation was performed for two purposes. First 
of all it was desired to find out how often CNS involvement 
is to be expected in association with varicella, in the form of 
clinically manifest meningo-encephalitis or in the form of 
asymptomatic pleocytosis. Secondly, it was desired by later 
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review of those children who had had complications of the 
central nervous system to get an idea as to whether and, if 
so, what type of symptoms or sequels are liable to occur, 
especially after these mild, frequently asymptomatic ‘“‘meningo- 
encephalitides”’. 


Table 32. Nosocomial Varicella 
Pediatric Clinic, Lund 1941—1952. 
No. of cases 238 
Hemorrhage or lumbar puncture 
not performed 63 


No. of patients from whom CSF 


samples were tapped 175 

Central nervous involvement 38 (22 %) 

Asymptomatic pleocytosis 

(> 3 cells mm’) 26 (15 %)j 

Clinical symptoms 12 (7 %) 
MATERIAL 


During the 1941—1952 period 238 of the inpatients of the 
pediatric department developed varicella. Of these, 63 were 
not submitted to lumbar puncture (the children had left 
hospital within a week of the eruption of the skin or they 
were nervous or very sensitive. This figure also includes those 


in whom hemorrhage in connection with puncture had made 
it impossible to analyse the CSF). There were then altogether 
175 patients, in whom the CSF tapped 7—10 days after the 
appearence of the eruption were studied (see table 32). Of these, 
the CSF appeared to be normal (less than 3 cells mm*) in 137. 
CSI’ changes were recorded in 38 (22 per cent) and of these, 
26 (15 per cent) showed no clinical symptoms, while the other 
12 \7 per cent) showed CNS symptoms. 

These figures are considerably higher than BANG’s. This may 
be explained by the fact that in his series the CSF was tapped 
a short interval after the appearence of the skin eruption and, 


Table 33. Main diagnoses for children with varicella 
with signs of CNS involvement. 


and number of cases 


Diagnosis Number 
Pulmonary tuberculosis} 74 19 
Causa socialis 22 (24 %) 
Dyspepsia 19 2 
Rheumatic infection 14 2 
Eczema 11 3 
| Nephritis 8 2 
Prematures 5 
Diabetes mellitus 3 2 
Miscellaneous 24 84 4 16 (19 %) 
Total | 175 | 38 (22 %) 


secondly, the frequency of complications may vary from one 


epidemic to another. 


Table 33 shows the diagnosis for which the children were in 


hospital when varicella appeared and the nt 
which CNS involvement was demonstrated 


umber of cases in 
in each of the 


disease groups. It is apparent that the frequency of complica- 
tions among the children with pulmonary tuberculosis or 


admitted because of poor home conditions 


was just as high 


as for the other disease groups. The first two groups are almost 


comparable with healthy children. The tub 


erculous children 


were, as a rule, admitted because of a primary affection, which, 


because of home conditions or the like, co 
for there. This may suggest two conclusion 


uld not be cared 
s, first, we must 


expect the same frequency of CNS complications among 


healthy children, who contract varicella, 
pleocytosis in the second group is really a 
a varicellar complication and is not attributal 


and, secondly. 
manifestation of 
to the primary 


disease, even though the primary disease be an infection, such 


as acute dyspepsia or rheumatic infection. 
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SYMPTOMATOLOGY 


Sex distribution. 


In the present series the sexes were equally represented. In 
BERGMAN and MAGNUSSON’s (1939) material the sex distribution 
was likewise about 1:1. However, most authors report a 
moderate preponderence for boys, and in UNDERWOOD’s (1945) 
collection there were 69 boys and 43 girls. 


Age Distribution 


The age distribution in the present series is apparent from 
Fig. 11. It is clear that the frequency of the complication was 
roughly one and the same in all of the age groups and thus 
showed no preponderance for children below one year. This 
distribution differs markedly from that seen in the post- 
catarrhal meningo-encephalitis group, in which over 50 per 
cent of the patients were below one year. The difference 
between the age-distributions in these two groups is discussed 
below. 


Frequency of Complications in Association with 
Different Epidemics 


The frequency of all the meningo-encephalitides after the 
epidemic disease of childhood varies widely from one epidemic 
to another. That this appears to be the case with varicella is 
suggested by Fig. 12. This figure shows the number of cases 
of varicella for different years and (a) how many of the 
children who had pleocytosis without clinical symptoms and 
(b) how many had clinical symptoms of CNS involvement: in 
1941, 1942 and 1951 fairly many cases of varicella were seen 
in the department, but the frequency of complications was 
low. On the other hand, in 1944 the frequency of complications 
was high. 


123 


Fig. 


Fig. 


LE 


Frequency of CNS involvement in association with varicella 


40 


30 


Number of cases 


10 


TT 


<1 


123 4 5 6 


in the various age groups. 


[ ] no signs of CNS involvement. 


ocases with CNS involvement. 


12. 


Number of cases 


194) 


1942 


2+ GY 
20+ Yj 

10+ 

1943 1944 19465 1946 1947 1948 1949 1950 195) 1952 


Meningoencephalitis 
Pleocytosis whitout other symptoms 
0 Normal spinal fluid 


Frequency of CNS involvement in association with varicell: 
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Clinical symptoms 


The symptomatology of meningo-encephalitis after varicella 
can vary within an extremely wide range. UNDERWOOD (1935) 
gave a long list of the most important groups of symptoms: 
meningitis, meningo-encephalitis, encephalitis (with special 
subgroups: lethargic forms, acute cerebral tremor, cerebellar 
syndrome, choreo-athetotic forms) myelitis and polyneuritis. 

This infers that any part of the CNS can be involved. 
Later investigations have also shown a group with asymptomatic 
pleocytosis. 

As a rule the symptoms appear between 7—10 days after 
the eruption, but cases are on record in which the CNS 
symptoms appeared a day or so before the skin eruption. 

Of the 175 children examined, CNS involvement was observed 
in 38 (22 per cent). In 26 (15 per cent) the only evidence 
available of CNS involvement was pleocytosis, but in the re- 
maining 12 (7 per cent) clinical symptoms or signs were also 
noted. 

The symptoms appeared 5—7 days after the onset of the 
eruption. As a rule the symptoms of varicella had cleared be- 
fore the children again fell ill with fever and various cerebral 
symptoms. The symptoms recorded were fever (9 cases), vo- 
miting (5 cases), listlessness (4 cases), psychiatric symptoms 
(2 cases) paresis (1) and convulsions (1). In 6 cases the symp- 
toms were mild and, unless the possible occurrence of CNS in- 
volvement had been constantly borne in mind, these symptoms 
would probably have past unnoticed. Vomiting and fever were 
recorded in 3 and in 3 the only symptom was fever, for which 
no other explanation was available. As a rule the symptoms 
passed off within a few days. In one case (Case V 3) pronounced 
psychiatric symptoms appeared after the temperature had re- 
turned to normal and the CSF changes disappeared. The boy 
changed completely in behaviour. He became quarrelsome and 
was readily irritated. However, after a month or so, this be- 
haviour disorders passed off completely. 

Cerebrospinal fluid. — The CSF findings in cases with and 
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Number of cases 


0 0-3 3-10 10-50 $0100 >100 
Cells per c.mm. 
Fig. 18. CNS involvement in association with varicella according 
to cell count. 
asymptomatic pleocytosis. 


meningo-encephalitis. 


without clinical symptoms of CNS involvement are = given 
graphically in Fig. 13. As a rule, the abnormality consisted 
of moderate pleocytosis, practically only lymphocytes. No 
correlation could be demonstrated between the clinical syinp- 
toms and the degree of pleocytosis. In 1 case, for instance. in 
which the patient had clear cut encephalitis, the CSF showed 
only 2 cells/mm*. On the other hand, all 3 cases in which there 
were more than 100 cells mm* showed clinical symptoms of 
CNS involvement, too. The patient who showed no clinical 
symptoms, but whose CSF showed <3 cells mm’*, and which 
was classed as pathologic, was a 9 year old girl with markedly 
increased protein content of the CSF. In the other cases the CSF 


protein was normal or moderately increased. 
Electro-encephalographic studies. — Electro-encephalogra- 
phic studies were made in only 4 cases, in 2 of which ‘he 
patients showed clinical symptoms and 2 asymptomatic pi:0- 
cytosis. In the last 2 cases the electro-encephalogram showed 20 
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Fig 14. E.E.G. of case V 6. A 5 year old boy with meningo-encephalitis 
afler varicella. Episodes of high voltage slow activity. These changes 
disappeared together with the clinical symptoms. 


| 127 
| 
| R| TEMP R|F | 
| 
5/1982) years) ||| | | | 


128 


abnormalities, in the other 2 with clinical symptoms, electro- 
encephalographic changes were seen during the acute stage. 
but these abnormalities soon disappeared. 

In both cases the changes were similar in form of episodes 
of high voltage, slow activity (Fig. 14). 


ETIOLOGY 


The etiology was discussed in an earlier section (page 12). 
No unanimity has yet been reached concerning CNS involve- 
ment in association with varicella. The two theories discussed 
most are as follows. 1) One theory believes the actual varicella 
virus to be the etiologic agent and 2) the second theory postu- 
lates an allergic reaction of the central nervous system. An 
observation arguing for the latter theory is the interval between 
the appearance of the eruption and the onset of the nervous 
symptoms. 

The symptomatology varying from asymptomatic pleocytosis 
probably due to disturbed permeability of the vessel walls to 
transient clinical symptoms because of functional disorders of 
the brain and finally to manifest clinical symptoms ascribable 
to cell infiltration and possibly tissue injury argues in the 
same direction, because all of these changes can be manifesta- 


tions of an allergic reaction. 

If the neuro-allergy theory be correct, it would to a certain 
extent explain why the frequency of CNS involvement was not 
higher for children below 1 year, a preponderance which was. 
however, found in the post-catarrhal group. The latter cases 
were most probably due to toxic effect, and then the fact that 
the blood brain barrier is not properly developed during [he 
first year of life is surely of importance. 

On the other hand the allergic theory can hardly explain those 
cases in which CNS symptoms appear immediately before ‘he 
eruption in varicella. Here, the theory of the varicella-virus 
being the causal agent sounds more likely. It is possible that 
the etiology may be explained by both theories: the nervous 


symptoms appearing in association with the acute onset being 


129 


ascribed to the virus as such and the nervous symptoms appe- 
aring a week or so after the acute onset and after the symp- 
toms of the primary disease have passed off being ascribed to 
neuro-allergy. 


PROGNOSIS 


Judging by the cases of clinical manifest varicella meningo- 
encephalitis reported in the literature, the following prognostic 
figures may be assumed (UNDERWOOD, 1935, BERGMAN & MAG- 
NUSSON, 1939). Primary mortality in 10 per cent, complete 
recovery in 80 per cent and persistent sequels in 10 per cent. 
These figures must, however, be accepted with caution, because 
they are found only on cases in which the clinical symptoms 
were so severe that admission to hospital was indicated. If the 
milder cases be included, and particularly if those with asymp- 
fomatic pleocytosis also be included, the figures would be 
allogether different. 

In the present series one child with clinical meningo-ence- 
phalitis died. 

Case V 1. — The patient was a premature child, fourth in the family. 
Birthweight 1550 gm. For one month she had been at the pediatric 
department to which she had been referred immediately after birth. 
During that time she had increased in weight (2000 gm) when she 
developed varicella of mild nature, about 8 eruptions and moderate 
fever. On the 5 day after onset she began to be listless and looked ill, 
and 2 days later she died in convulsions. Post mortem examination 
showed hyperemia of the meninges and of the brain, cellular infiltra- 
tion of the meninges and around the cerebral vessels as well as necro- 
tic areas in the parenchyma of the brain. The changes were most 
pronounced in the white matter (Fig. 15). 


As to the other children with clinical symptoms the latter 
were usually transient so that after a couple of days the children 
were symptom-free. Case V 3 was an exception: in this case 
the patient showed distinct change in behaviour, he became 
quarrelsome, he was readily irritated, but this behaviour dis- 
order soon disappeared and when he left hospital he was 
symptom-free. 
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Fig. 15. Case V 1. Photomicrograph of the white matter of the bra 
Note the vessels surrounded by swarms of leucocytes and round c 
Observe the thrombi in some of the vessels shown under higher 
magnification. 
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Of greatest interest in these cases was the late-prognosis both 
for the children who had had clinical evidence of the central 
nervous involvement and the children who had had only asymp- 
tomatic pleocytosis. 

The review was conducted along the lines described on 
page 59. 

Of the 37 patients released and who were all symptom-free 
when they left hospital, 31 (84 per cent) were traced. Of these, 
3 had died from other diseases (debilitas vitae, tuberculous 
meningitis, laryngitis). 28 children were reviewed. The interval 
between the primary disease and the review was 3—-11 years 


in 22 cases, 3—6 months in 6 cases. The mean age at the time 


of review was 8.9. 

None of the patients reviewed showed definite neurologic, 
psychiatric or psychometric symptoms that could with certainty 
be ascribed to CNS involvement in association with varicella, 
as demonstrated either by clinical manifest meningo-encephalitis 
or asymptomatic pleocytis. In those cases in which psychiatric 
or psychometric abnormalities were observed, these conditions 
were more likely ascribable to brain injury of other etiology than 
varicella. The series was, however, small and does not permit 
any valid conclusions. It should be stressed that in children in 
whom behaviour disorders appear in association with or after 
any of the ordinary infection diseases of childhood, CNS in- 
volvement should be considered, even though no signs of com- 
plications were demonstrated at the time of the disease. This 
is exemplified by the following case. 


Case V 3. — A few days after varicella the patient began to vomit, 
and moderate fever developed, a condition to which but little impor- 
tance would have been attached unless the possibility of CNS involve- 
ment had been continuously borne in mind. After a few days the 
temperature was normal, and the boy felt well, but now psychiatric 
symptoms developed. The boy became bad tempered, quarrelsome, 
he was readily irritated. CSF studies showed 13 cells/mm, and the 
electro-encephalogram showed abnormalities. After a month or so the 
psychiatric symptoms disappeared and with them the electro-ence- 
phalographic changes, too. 
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No difference was seen between the frequency of psychiatric 
symptoms in this series and in the controls, nor between results 
of intelligence tests and of the psychometric tests or concerning 
social adjustment. Neither was any such difference expected. 
With the frequency of asymptomatic pleocytosis following the 


after morbilli 
about the same frequency as after varicella (unpublished per- 
sonal investigations) and after mumps, about 50 per cent: il is 
clear that even most of a control series must have had asympto- 


commonest epidemic diseases of childhood 


matic pleocytosis. 


SUMMING UP, central nervous involvement is common in asso- 
ciation with varicella: it may appear as asymptomatic pleocy- 
tosis or usually mild, manifest meningo-encephalitis. At review 
of a small series of patients who had had these complications, 
definite sequels could not be demonstrated with certainty in 
any of the persons examined. In 1 case, however, behaviour 
disorders were fairly pronounced for some time after the acute 
disease. 
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APPENDIX |! 


NORMAL VALUES FOR NUMBER OF CELLS 
AND PROTEIN CONTENT OF THE CSF 
IN CHILDREN 


The values given as normal vary from one author to another. 
Most studies are based on adult series and only few on children. 

This variation in the values given as normal is explainable, 
at least partly, by inadequate material and, as far as the protein 
content is concerned, by different methods giving incomparable 
values. 

Most authors state the normal value for adults to be less than 
3 cells mm*, NEEL (1950) believes that in really unobjectionable 
material the number of cells is at most 0—1 mm* and the total 
6 (according to BISGAARD), which 
corresponds to about 14—20 mg/100 ml. IzIkKOWITz gives much 
higher protein values: mean 30—40 mg,100 ml., upper limit 
00—60 mg/100 ml. 

As to children, LEVINSON (1928) believes the CSF of children 
to be roughly the same as of adults and that “it contains few, 
if any, cells”. SAMSON, (1931) who studied a large series of 
children, gave the following figures: 


protein content to be 3 


Cells Protein 
Neonatal period 3/3—20/3 — 
Below 6 months 3/83—15/3  16—50 mg./100 ml. 
6 months—12 years 80 % < 5/3 16—24 » 
15%  5/3—8/3 


5% 9/3--10/3 


Here, then, the upper limit for children above 6 months is 
about 3 cells/mm’ and for the protein 16—24 mg/100 ml. MEYER 
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(1949) reported that the number of cells is sligthly higher in 
newborns, up to 20/3 cells and that the protein was also slightly 
higher. OTILA (1948), whose series consisted of 20 infants 
below 3 months gave 1—4 cells/mm* and a protein content of 
19—38 mg/100 ml. 

In order to check these values and, above all, to secure a 
control series of children examined in the same way as the 
patients in the present investigation, and of CSF samples tapped 
by the same technique and studied by the same laboratory 
methods, specimens were collected from altogether 66 patients 
in whom there was no reason to assume the presence of disease 
‘capable of influencing the CSF. These children had entered the 
department because of poor home conditions or simply because 
the mother was ill and unable to look after the child. 


Method. — The CSF was tapped with the child in the sitting posture. 
The puncture was made between the second and third lumbar vertebrae. 
The needle was fine. About 5 ml. CSF was withdrawn and the sample 
immediately examined for the number of cells and protein content. 
The number of cells was determined by the metod of FucHs-RosENTH \1 
and the protein content by the method of BisGAarp, in which the con- 
tent is expressed as the last dilution giving a positive reaction. 


The results of these examinations are summarised in tables 
34 and 35. 

As to the cell count the following recordings were made. 

In the 3 month—3 year age group (17 children between 3 
months and 1 year and 30 between 1—3 years) 61.7 per cent 
had 0—1 cell/mm*, 32 per cent had 1.1—2 cells/mm’ and 6.3 
per cent had 2.1—3 cells mm*. None of them had more than 
3 cells’mm*. In children below 3 months a higher number of 
cells was not uncommon, in 1 case more than 10 cells mm’. 

As to the protein content, for 95.7 per cent of the children, 
above 3 months the BISGAARD value was less than 10 and for 
none was it more than 15. These figures agree well with those 
of KRABBE (1947), who reported that a BISGAARD value of 10) 
15 suggests organic disease of the CSF and that a value of more 
than 15 justifies a probable diagnosis of cerebrospinal disease. 


Table 34. Cell count of CSF from 66 healthy children. 


Cells/mm*® | 0—3 months | 3 months—-3 years 


0-1 5 29 
1.1—2 5 15 
2.1—3 2 3 
3.1—10 6 0 
> 10 0 


Number of 
children 


Table 35. Prolein content of CSF from 66 healthy children. 


Protein content 
according to 0—3 months | 3 months—3 years 

Bisgaard 
0-5 0 13 
6—10 4 32 
11—15 1 2 
16—20 7 0 
21 7 0 
Number of children 19 47 


In infants below 3 months, however, the value is practically 
always high, sometimes very high. 

This increased number of cells and increased protein content 
during the first months of life probably suggests increased 
permeability of the vessels of CNS. That this permea- 
bility is increased during this period, has been shown by 
Lronow (1947) OTmLa (1948) and MAYER (1949). The permea- 
bilily is greatest at birth, after which it gradually decreases 
during the first year of life. The permeability is still greater in 
prematures than in normal newborns (OTILA, 1948). 
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On the basis of earlier investigations and personal studies tlie 
upper normal limit for the number of cells for children above 
3 months was said to be 3 cells mm’, and as to the protein con- 
tent, BISGAARD 15 was taken as the upper normal limit. For 
children below 3 months, the normal upper limit is higher. 


| 
( 
( 
c 
c 
il 
d 
A 
il 
ri 
0) 


APPENDIX Il 


EFFECT OF REPEATED LUMBAR PUNCTURE 
ON CELL COUNT AND PROTEIN CONTENT 


Sometimes clinical examination reveals symptoms suggesting 
CNS involvement and meningo-encephalitis may be suspected: 
CSF is tapped but found to be normal. If the neurologic 
symptoms persist or become more pronounced a new specimen 
is drawn, and then pronounced pleocytosis may be demon- 
strated. A question that then presents itself is: Is this pleocytosis 
a manifestation of an inflammation of the CNS or is it a 
non-specific reaction to the previous puncture? 

Some investigations of the effect of repeated lumbar puncture 
are on record. NISSEN (1936) studied 20 apparently healthy 
children who were punctured twice at an interval of 2—4 days. 
In none of them did the second puncture show an increase 
in the cell count. He also studied 50 patients with infectious 
diseases. Repeated puncture showed an increased cell count in 
5 of them. This increase varied from 5 to 14 cells/mm’. All of 
these patients showed signs of meningitis and were intoxicated, 
so that the author expressed the opinion that this increase in 
cell count was ascribable to the infection and not to the 
previous lumbar puncture. 

KUNZER (1948) studied the effect of lumbar puncture on 
children. Children with dyspepsia were punctured at a varying 
interval (2, 4, 6, 10 and 14 days). At re-puncture after 2—4 
days, the cell count was often increased, sometimes considerably. 
At an interval of 8 days it was seldom increased, and at an 
interval of 10 days it was never increased. Objections may be 
raised against the choice of his series, because in the presence 
of dyspepsia, the increase in the cell count may have been 
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Table 36. Differences in cell count/mm' of 2 CSF-samples drawn 
at varying intervals. 


Interval in days 
1-2 | 3—5 | 6—8 | 9-14 | 15—21 
4+ -] + 
0.8 1.5 0.6 2.7 0.9 
3.8 1.3 3.2 0.8 0.3 
14.1 0.6 1.9 0.6 0.6 
0.7 0.6 0.3 0.6 
0.3 4.6 5.7 1.6 
19.7 3.1 1.0 2:2 
0.3 5.2 0.6 
0.6 | 1.7 1.6 
| 1.5 0 
2.4 0.4 
| 6.1 0.8 
0.3 0.6 
| 9.1 0.6 
| 2.9 0.9 
| 2.7 1.8 
| 0.6 0.7 
0 1.3 
1.9 0.9 
0.6 0.5 
0.3 1.4 
| Number of children | 8 | 20 | 20 | 6 | 3 


due to a toxic effect of the CNS. That pleocytosis is common 
in the presence of dyspepsia and intoxication has long }een 
known and in Scandinavia this was stressed by CHRISTENS!'N 
& BIERING-SGRENSEN (1946), SIWE (1948) and HALLMAN & 
TAHKA (1952). 

MEYER (1949) reported that after lumbar puncture ihe cell 
count may increase to anything up to 70/3 cells. The pleocyt’-is 
disappears after 7—10 days. 
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Table 37. Differences in protein content — expressed in units according 
fo Bisgaard — of 2 CSF-samples drawn at varying intervals. 
Interval in days 
1-2 | 3-5 | 6-8 | 9-14 | 15—21 
5 3 1 1 + 
4 6 6 0 1 
15 2 2 0 5 
2 7 2 8 
2 10 4 4 
1 2 
4 1 4 
3 0 2 
0 0 
0 0 
0 2 
3 1 
6 5 
4 4 
1 3 
1 2 
2 2 
2 2 
1 3 
1 1 
Number of children | 8 | 20 | 20 | 5 3 


There is thus no general unanimity concerning the effect of 
lumbar puncture on the cell count. It was therefore decided to 
study this point further. 

CSF samples were drawn at a varying interval between the 
first and second time from healthy children and children 
admitted for investigation because of school difficulties. Only 
children showing no symptoms or signs of infection were 
accepted. In all of these cases the initial sample of the CSF 
was found to be normal. Althogether 57 children were studied 
in this way (for lumbar puncture technique and examination 
of CSF, see page 134). 
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The results of these examinations are summarised in tables 
36 and 37. It is apparent from table 36 that in samples tapped 
within 5 days of the initial puncture the cell count was usually 
increased. This tendency can hardly be ascribed to chance Jul 
rather to a true increase in the cell count. Samples drawn at 
least 1 week after the first puncture varied just as frequently 
in either direction. These changes must therefore be ascribed 
to chance. For an increase in cell count to be of practical 
importance it must exceed 3 cells/mm’. Such an increase wis 
observed in 37.5 per cent of the samples collected within 2 
days of the first puncture, as compared with 25 per cent tor 
an interval of 3—5 days and 10 per cent for an interval of 
6—8 days. Samples drawn after a longer interval showed no 
pathologic increase. Therefore if a CSF sample drawn at an 
interval of more than 1 week of a preceding puncture shows 
pleocytosis, this change is probably not due to the first punc- 
ture but to CNS-involvement. 

Judging by the values given in table 37, previous puncture 
appears to have no effect on the protein content. 

To RECAPITUATE, pleocytosis demonstrable in CSF samples 
drawn within 1 week of earlier lumbar puncture may be <lue 
to the first puncture. Lumbar puncture appears to have no 
demonstrable effect on the protein content of the CSF. 
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SUMMARY 


Clinical experience suggests that meningo-encephalitis in 
childhood is more common than formerly supposed, and it has 
been suggested that as the symptoms are often mild and non- 
characteristic, al least in children, many cases still remain 
concealed unless the possibility of mild meningo-encephalitis 
be continously borne in mind. 

It has also been stressed that even these mild forms of 
meningo-encephalitis are often followed by sequels, especially 
behaviour disorders, but hitherto no investigation, at least not 
on a large series, has been available to support this belief. 

With this in mind, all of the cases of meningo-encephalitis 
seen at the Pediatric Clinic, University Hospital, Lund, 
and classed as apparently spontaneous meningo-encephalitis, 
meningo-encephalitis after respiratory tract infections and CNS 
involvement in association with varicella were selected. These 
cases were studied in order to form a more detailed opinion 
of the clinical picture of these meningo-encephalitides (and as 
far as varicella is concerned, of the frequency of CNS involve- 
ment). The investigation included a review, at which the 
children were examined neurologically, psychically, psycho- 
metrically and regarding their social adjustment. The observ- 
ations made were compared with a control series. 

Unlike earlier series on record, the present material included 
a large percentage of apparently mild cases of meningo- 
encephalitis and, above all, the results were judged in relation 
to a control series. 

CNS-involvement in association with apparently mild in- 
fections of the respiratory tract was found to be fairly com- 
mon, especially in children below 1 year. 
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The clinical picture of spontaneous meningo-encephalitis 
was not found to differ from that of post-catarrhal meningo- 
encephalitis: these groups did, however, differ with respect 
to age-distribution and seasonal occurrence. This suggests tlie 
possibility of difference in etiology, i.e. a viral origin for the 
spontaneous group and a toxic origin for the post-catarrhal 
group. 

The early prognosis was as a rule good. 

Of the 102 cases, 3 recurred during the time of the in- 
vestigation. In all 3 the clinical picture was exactly the same 
as that described for the first attack. This suggests decreased 
local resistance following the first injury, a decrease that be- 
comes apparent if the brain is exposed to some injurious 
factor: inflammatory or toxic. 

Comparison of the patients of the spontaneous and _post- 
‘atarrhal groups at the review showed no difference regarding 
neurologic, psychiatric or psychometric symptoms or social 
adjustment. These two groups were therefore taken together 
in the comparison with the controls. This comparison revealed 
a Statistically significant difference between the patients and 
the controls regarding neurologic and emotional symptoms. 
mental development and most of the special tests used at the 
psychometric investigation. A_ statistical difference was also 
demonstrated regarding social adjustment. Many of the patients 
had difficulties at school, despite normal intelligence quotient. 
These school difficulties were due to a certain extent to 
emotional disturbances, mostly to special impairments; in- 
ability to integrate different perceptions, impaired memory and 
impaired attention. As the patients and the controls were 
comparable, with the exception that the patient had had known 
meningo-encephalitis, the difference between the observations 
made at the review must be regarded as sequels after meningo- 
encephalitis. 

The frequency of brain injury in the patients, as compared 
with that in the controls, was taken as a measure of tlic 
frequency of sequels from meningo-encephalitides. As judged 
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in this way, the frequency of sequels after these meningo- 
encephalitides was about 35 per cent. 

All of the sequels showed a strong tendency to subside and 
to become less pronounced with increasing age. Those symp- 
toms that persisted were as a rule mild and meant only a slight 
handicap for the patient, and only in a few isolated cases were 
the symptoms so severe as to lead to disability or social mal- 
adjustment. 

The sexes were not found to differ regarding prognosis. 
Neither did the age at the time of the onset appear to be of 
prognostic importance. In the event of symptoms of meningitis 
only, or of meningo-encephalitides of rapid and mild course, the 
prognosis appears to be more favourable. 

CNS involvement was found to be fairly common in varicella 
(22 per cent). It was observed as a mild clinical form of 
meningo-encephalitis or as asymptomatic pleocytosis. At review 
none of these children showed definite sequels attributable 
with certainty to the primary disease. In 1 child, however, 
severe, though transient, behaviour disorders were noted. 


The cell and protein content of the CSF and the effect of 
previous puncture were studied on normal children. 

On the basis of these studies the upper normal limit for the 
cell count for children above 3 months may be taken as 3 
cells mm*, As to the protein content, Bisgaard 15 may be re- 
garded as the upper normal limit. 

‘or children below 3 months the upper limits for both the 
cell count and the protein content may be somewhat higher. 

larlier lumbar puncture has no effect on the protein content, 
but if the interval between two consecutive punctures is less 
than 8 days, the cell count may be increased. 
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Introduction 


Cest sous le nom de « maladie des griffes de chat » (1) que nous avons, 
aver M. Lamy, M. L. Jammet, L. Costil et P. Mozziconacci, décrit, le 
20 janvier 1950, dans une communication a la Société Médicale des Hépi- 
aux de Paris, une nouvelle variété d’adénile infectieuse. Depuis long- 
lemps, celle maladie particuliére nous était connue et nous avions dans 
nolre enseignement relaté son allure clinique, les circonstances de son 
upparition, affirmé son autonomie et son origine. En effet, il y a une 
vinvlaine d’années, nous avions élé frappé par une adénite froide sup- 
purce, survenue dans la région épitrochléenne, chez un pelil gargon. 
\ous avions porté le diagnostic d’adénile tuberculeuse, que vinrent 
démentir d’abord le caractére négatif des réactions cutanées a la tuber- 
culine, puis l’évolution rapidement favorable de la fistulette qui fit suite 
i li suppuration. L’absence de tout germe décelable malgré une recher- 
che trés approfondie nous avait frappé, et aussi une autre particularilé, 
sur laquelle insistait la mére de enfant, & savoir que son fils jouait cons- 
lamiment avec de pelilts chats qu’il habituait & coucher dans son lit, et 
qu il présentait aux mains, surtoul du cété de lVatteinte ganglionnaire, 
des traces marquées de coups de griffe. Depuis cetle époque nous avions 
observé une dizaine de cas analogues ot, a l’origine d'une suppuration 
canclionnaire froide, curable et stérile, nous avions remarqué des traces 
de vriffes de chat et nolé que animal inoculateur était parfaitement sain. 
Nous avons cru trouver successivement |’éliologie de ces infections au 
fur cl & mesure que leur connaissance ¢lait plus répandue; d’abord on 
allribuait ces adénites au sodoku — dont nous observions un cas a 
Rome en 1930 —, puis a la tularémie, enfin a la maladie de Nicolas et 
Favre, el nous discutames dés 1942 l’étiologie de notre adénite des griffes 


| La maladie des griffes de chat est aussi appelée lymphoréticulose bénigne d’ino- 


(ulation. On trouve dans la littérature de langue anglaise les noms de Cat-scratch 
lever, Cat-scratch disease, Cat-scratch syndrome, Non bacterial regional lymphade- 


itis Les auteurs de langue allemande emploient les termes de Katzenkratzkrankheit, 
nkrallenkrankheit, benigne infektiése Lymphoretikulose, Virus-Kratzlympha- 
deni is. Dans les observations italiennes on trouve : Malattia da graffio di gatto, delle 
tnghie di gatto, Linforeticolosi benigna da inoculazione. 


de chat, comme nous Vappelions alors, avec ce dernier auteur. Biestdi 


la maladie des griffes du chat était connue de nos différents collaboratc irs 
avec ses caractéres principaux et nous apprenions la distinguer de la 
tuberculose, du sodoku, de la tularémie, de la maladie de Nicolas-Fi\ re, 
de la mononucléose infectieuse et de la maladie de Hodgkin, & la suite 
de confusions que nous avions vu faire et pu corriger. 


kn 1945, nous avions été frappé par Vobservation d’une mére et ce 
sa fille dgée de 12 ans et nous avions porté pour la premiére fois le dii- 
gnostic de maladie des griffes de chat, sans traces de griffes de cet anini |, 
mais sur les caractéres cliniques de la maladie et en nous basant sur ce 
fait que la mére et la fille avaient oceasionnellement caressé lune et Lau! re 
un chat dans les semaines qui avaient précédé chez elles l’éclosion ce 
Padénite. Cest & propos de ce cas que nous avons sollicité (en octobre 19!) 
la collaboration de M. Mollaret qui a bien voulu inoculer sur noire 
demande un grand nombre d’animaux d’expérience, mais en vain, Nous 
avons eu la chance de retrouver la mére et la fille quatre ans plus tard, 
en 1849. Nous avons pu pratiquer alors une intradermo-réaction spcci- 


fique qui a Glé positive. 


En 1947, nous avons été frappés, avec M. Lamy, par le fait que ces 
adénopathies tout a fait comparables surviennent parfois sans qu on 
puisse déceler une contamination par Vintermédiaire du chat. La meine 
année, nous avons eu loceasion d’entretenir nos collegues américiins 
de Vorigine de cette adénite singuliére et nous avons appris du doclour 
Lee Foshay, bactériologue au Cincinnati General Hospital avail 
observé des fails du méme ordre et avait préparé un antigéne analozuc i 
Vantigéene de Frei avee lequel il avait obtenu des réactions positives ¢liez 
les patients qu'il avait observés. Par la suite, nous avons su que Franklin 
M. Hanger et Harry M. Rose avaient en 1945 préparé un antigéne aver le 
pus d'une adénite régionale et provoqué une intradermo-réaction «lie 
Hanger lui-méme, altleint d'une adénite. suppurée lige une périon, vis 
aprés cohabilation avee un chat, mais sans trace de coups de grifle ¢! 
apres avoir « jardiné ». Depuis, cet auteur a observé 3 cas comparal les 
Lee Foshay nous envoya le 17 décembre 1947 un peu d‘antigéne, | en- 
dant qu’avee L. Costil nous en préparions nous-méme pour étudier « «tle 
« adénile des griffes de chat », et examiner le probléme de son ider.ilé 
avee la maladie que Lee Foshay appelait de son cété « cat fever ». Notre 
antigéne a donné les mémes réactions que celui de Foshay. Nous ay ons 
irés rapidement obltenu chez tous nos malades des résullats constamn:cn! 
posilifs, ce qui nous a permis, en 1950, d’authentifier 12 cas observé~ en 
deux ans et demi et de les identifier aussi aux cas américains. A «tle 
époque, aucun des auteurs américains, pas plus que nous-méme, nav ons 
publié nos études ; nous attendions l’isolement du germe. 
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Jais le germe n’étail pas mis en évidence et les inoculations pratiquées 
depuis 1945 restaient toujours négatives. Le résultat négatif de ces essais 
éait-il d@ a Ja résistance innée des animaux d’expérience, ou bien a ce 
fait que le germe avait disparu lors de la phase suppurative de Padénite ? 
\ous Vignorions mais nous ne pensions pas avoir le droit de pratiquer 
une biopsie inutile sur nos jeunes patients, el comme sous nos yeux les 
erreurs de diagnostic se mullipliaient, alors que Pauréomycine permettait 
doblenir une action thérapeutique satisfaisante, nous avons cru le mo- 
ment venu de présenter, le 20 janvier 1950, un de nos petits malades en 
voice de guérison. Par la suite, grace 4 une extirpalion faile par erreur 
chez un petit malade en novembre 1949, examen histologique fait par 
le professeur Oberling devait compléter notre connaissance de cette ma- 
ladie par une étude des Iésions ganglionnaires. 


Pendant le méme temps el indépendamment de Lee Foshay et de 
nous-mémes, P. Mollaret, J. Reilly, R. Bastin et P. Tournier avaient 
enlrepris une étude de Ja méme maladie. Assez rapidement, les auteurs 
avaienl frappés par Vexistence du méme syndrome sans qu'il y ett 
des traces de griffes de chat et méme de contact avec des chats, et avaient 
dénommé Ja maladie « Iymphoréticulose bénigne d’inoculation ». Ces 
aleurs avaient procédé & une importante étude anatomique el expéri- 
mentale, & laquelle nous ferons allusion plus loin. La description initiale 
de la maladie des eriffes de chat s'est ainsi trouvée & la fois confirmée et 


(largie. 


La fréquence relative de la maladie (les cas publiés ne représentent 
en effet qu’une partie des fails observés), son ubiquité dans les différents 
continents, sa physionomie clinique particuliére, les difficullés de son 
diagnostic histologique, Vintéret et Ja valeur du diagnostic par Vintra- 


dermo-réaction spécifique, les particularilés de son éliologie, les bons 


résullats de la thérapeutique antibiotique, la possibilité pour rare 
quelle soit — de complications séveres, enfin Vignorance ott nous som- 


mes encore de Ja nature du virus responsable, constituent autant d’élé- 
ments intéressants qui ont provoqué depuis 1950 un grand nombre de 
publications et justifient la rédaction de ce nouveau mémoire. L’étude 
de nos 80 observations personnelles en fournira les bases; Vanalyse des 
observations publiées (leur nombre dépasse 300) complétera sur certains 
points les données de notre documentation personnelle. Tl va sans dire 
que nous insisterons surtout sur les notions peu développées dans les 
publications de Pun de nous avec M. Lamy, M. L. Jammet, L. Costil et 
P. Mozziconacci (32, 33) et avec M. Robierre (36, 125). 

+) sur les 80 observations dont nous faisons ¢lal dans le présent mé- 
moire sont résumées et rassemblées en un tableau (voir ci-dessous). Elles 


comportent 37 observations anciennes, déja rapportées dans la these de 
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M. Ribierre (725) et dont les 12 premiéres avaient fait Vobjet de notr 
mémoire initial (33). Il s’y ajoute 40 observations inédites, dont 9 oni 
élé présentées par notre collaborateur G. Meignan a la Société de Pédia- 
trie (SS) mais point publiées. Tous ces cas répondent a des maladies des 
griffes de chat absolument typiques, authentifiées par une intradermo- 
réaction positive spécifique. Nous avons personnellenient 


éludié un peu plus de la moitié de ces 77 observations; les autres nous ont 


(é confiées par leurs auteurs (que nous remercions ici) apres que le 


diagnostic en eul été fail & Vaide des anligénes préparés dans le Jahora- 
toire de Ja Clinique Médicale des Enfants par L. Costil, puis Cl. Gerben 
et nos collaborateurs. Enfin nos trois observations de maladie des evil: 
fes de chat avee accidents nerveux ne sont pas mentionnées dans ci 


tableau on les trouvera avec l'étude de cette forme particuli¢re. 


RESUME DE 77 OBSERVATIONS 
DE MALADIE DES GRIFFES DE CHAT 
\VEC INTRADERMO-REACTION POSITIVE 
\ VANTIGENE SPECIFIQUE 
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Ktiologie el epidémiologie 


Fréquence et extension 


Lia fréquence de la maladie des griffes de chat, quoique difficile & appré- 
cier el sans doute variable suivant les époques, n’est pas négligeable. 
Comme nous avons indiqué, & nos 80 observations et a plus de 800 cas 
publiés en un peu plus de trois ans, il y a certainement lieu d’ajouter de 
nombreuses observations inédites, ne seraient-ce que les premiéres obser- 
valions américaines, et les faits connus de nous ott, pour diverses rai- 
sons, la preuve biologique de la nature de la maladie n’a pu ¢tre apportée. 

Lvaffection est trés répandue dans Je monde. Sildt son existence 
connue, de nombreux cas ont été signalés dans toules les régions de 
France : de Flandres, d’Alsace, de Lorraine et du Nord a la Guyenne, au 
Languedoc, a la Provence. La plupart ont été observés 4 Paris, d'autres 
i Angers (47), Aurillac (47), Bordéaux (13, 48, 104, 110, 117, 145), Brest 
Obs. 65), Caen (Obs. 60), Cannes (238), Grenoble (727), Lille, Lyon (70, 
i7, 128, 141), Marseille, Montpellier (9, 64, 86), Nancy (/, 43, 7S, 139), 
Nice (Obs. 25), Reims (54), Saint-Etienne (3), Strasbourg (133), Toulouse 
/S,.  ', Tours (Obs. 27 et 28). Les observations ont été nombreuses aussi 
en Suisse, ot prés de 50 cas ont été décrits & Saint-Gall (68), Zurich (156), 
Geneve (J4), Lugano (/4), aux Etats-Unis, ot elles proviennent d’Etats 
aussi Gloignés les uns des autres que le Rhode-Island et la Californie (45), 
mais aussi de VIlinois (74), du New-York (754), de la Nouvelle Angle- 
lerre (96), de la Georgie (6), de Ohio (62), de Pennsylvanie (7/43), de 
Washington D.C. et de nombreux autres Etats (77, 29, 32, 84, 154). Des 
eis moins nombreux ont été publiés en Allemagne (47, 132, 146, 152, 164), 
en Belgique (87, 103, 119, 120, 126), au Canada (22), en Grande-Bretagne 

‘NY, 49, 159), en Malie (24, 91, 106), au. Prys-Bas (10, 17, 58, 67), en 
Yougoslavie (765, 766). On trouve aussi di ns la littérature la relation 
de cas observés en Algérie, en Tunisie (778), en Egypte (5), au Liban (7643), 
uu Tehad (276), en Australie (1/4), en Afrique du Sud (42), au Brésil (7), 
wux tiles Hawai (32). Un malade de Mollaret et Reilly (96) avait contracté 
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Vaffection aux Indes, deux malades de Siguier, Welti et Lumbroso (734 


aux Antilles. On peut done affirmer a la fois Vubiquité de la maladie «i 
eriffes de chat et son unité en quelque pays qu’on la rencontre, Vatfee- 


lion a loujours les mémes caracléres, 


des malades est des plus variables pour Vensemble des 


vations connues, le malade le plus jeune avait dix-huit mois, le plus oz 
soixante-douze ans. La réceptivilé a Vaffection ne varie sans doute ji 
avee Page ni avee le sexe. Si la plupart de nos observations concerne al 
des enfants, le fait est lié pour une part & notre champ d'études, miis 
aussi au fait que les enfants jouent volontiers avee de jeunes chats et sont 
vriffés par eux. Et la predilection féminine pour cet animal explique sais 
doute la plus grande fréquence de Patteinte de ce sexe A Vage adullte. 


Etiologie : le réle vecteur et inoculateur du chat 


Létiologie de la maladie n'est pas clairement élablie et sa désignation 
méme a Pobjet de discussions. Le role du chat en tant qu’agent 
leur et inoculateur de certaines adénhites avail) pour premiére fois 
frappé notre allention, nous Vavons dil, il y a une vinglaine dannées, 
el nous avions dés lors atliré sur ce fait Vatlention de nos collaborateurs. 
Puis, en 1945, nous avions vu une adénite de ce type chez une mére ct 
sa fille (Obs. 1 et 2), qui avaient occasionnellement caressé un chat sans 
avoir 6lé griffées; déja a ce moment, Vidée de la contamination par sim- 
ple contact, sans que Vanimal ait griffé celles qui le caressaient, s’étail 
imposée d nous. En 1947, nous observions avec M. Lamy une adéno- 
pathie tout fait comparable chez une infirmiére (Obs. 3) qui avail 
horreur des chats, n’avait eu aucun contact récent avec Pun de ces ari- 
maux, et allribuait Ja piqdre d’un insecte la lésion cutanée et Padénite 
cervicale dont elle était atleinte. Un peu plus tard cependant, Vintra- 
dermo-réaction nous démontrait qu'il sagissait bien, dans tous ces ces, 
de la méme maladie. Dans leur mémoire de mars 1950 (92), P. Mollarct, 
J. Reilly et leurs collaborateurs ont montré la possibilité de modes @ino- 
culation autres que le coup de griffe d'un chat : égratignures par épir es 
de rosier, de ronces, de cactus, d’arbustes divers, par fragments d’os, «le 
bois, de métal. Ces fails élant indiscutables, il reste & préciser la fré- 


quence des divers modes d’inoculation. 


Notre enquétle porte a la fois sur nos propres observations et sur celles 
publiées par d'autres auteurs. Nous avons éliminé de cette statistiq ie 
loutes les adénites qui, bien que conséculives & un coup de griffe Je 
chat ou & une autre inoculation caractéristique, n’ont pas été authen i- 
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s par une intradermo-réaction & Vantigéne spécifique. Nous n’y fai- 
s pas figurer les formes alypiques de la maladie (formes oculaires, 
plaryngées, mésentériques, formes avec accidents nerveux) dont l’étio- 
locie sera envisagée dislinclement. Ces restrictions faites, il reste 75 ob- 
si yalions personnelles et 315 observations de la littéraure dont on peut 
lenir comple pour ce bilan éliologique; soit au total 390 cas authentiques 
de maladie des griffes de chat & forme culanéo-ganglionnaire ou gan- 
elionnaire, 


(n contact cerlain avec un ou plusieurs chals peut élre affirmé 3825 
fois sur 390, soit dans 83 9% des cas : il s ‘agit le plus souvent de contacts 
répelés, quolidiens, avec un ou plusieurs chats familiers, fréquemment 
caressés, qui parfois méme dorment auprés de leur maitre ou se posent 
sur son épaule. L’un de nos malades (Obs. 10) Glait vélérinaire. Chez 
6) malades au contraire, soit dans 17°, des cas, aucun contact certain 
avec un Chat ne peut étre relevé, encore que certains de ces sujets con- 
naissent fort bien la présence d’un ou plusieurs chats 4 leur voisinage 
immecdiat mais ne se souviennent pas d’un contact direct. Quelques-uns 
de ces 65 malades signalent un contact avee d'autres animaux : chien, 
lapin, coq (166), poulets (756), cobaye (8), furet (48, 90), hamster (74). 
Hest difficile @attribuer une signification & des contacts aussi épisodi- 
ques et disparates. 


he role du chat comme vecteur habituel du virus ne saurait done étre 
mis en doule : da fréquence du contact félin peut étre formellement affir- 
mee sur la base dune large statistique. Mais le chat, sil transmet le 
Virus, n’en semble pas atteint : nous avons jadis et toujours insislé sur 
ce fait que Padénite des griffes de chat est causée par un chat souvent 
jeune el joucur, mais toujours bien portant; nous avons souligné ce point 
avec Ribierre (56). Mollaret, Reilly et leurs collaborateurs (96) Vont eux 
wussi formellement indiqué. Un certain nombre de chats, soupgonnés 
divoir contaminé en les griffant certains de nos malades, ont été mis en 
observation : lous ont paru normaux. Trois de ces animaux ont élé sacri- 
fi‘. : ils ne présentaient aucune Iésion, et nolamment leur systéme lym- 
photique était normal. Certains des chats contaminateurs ont subi une 
intradermo-réaction & Vantigéne spécifique : la réaction a toujours élé 
nevative. Le chat est done un porteur sain, un simple inoculateur du 
Virus, qu'il transporte sans doute sur ses griffes : nous y reviendrons. 
doit cependant noler trois exceptions cette régle. L’une est celle du 
cho! au contact duquel vivaient les malades de nos observations 42 
el 15, et qui présentait depuis longtemps des crises convulsives; mais il 
fail remarquer que l’épilepsie n’est pas rare chez le chat. L’autre est 
cele d'un chat qui paraissait malade lorsqu’il griffa le malade de Garai 
et qui mourut quelques heures plus tard; les sympt6mes que pré- 
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sentail Vanimal ne sont pas indiqués dans lobservation. La troisiéme es! 
rapporlée par Thompson et Miller (743) : un des chats de leur mat: de 
mourul subilement, huit jours aprés le début de Vadénite, et cette mort 
subite, peul-étre due & une intoxication, resla inexpliquée. Ces fails si 
variés semblent ne traduire que des coincidences. 


C’est surtout la fréquence de Vinoculation par un coup de griffe de 
chat qui a été disculée. Dans les 390 cas dont nous faisons état, le mode 
(inoculation a été recherché 379 fois. Sur ces 379 observations valablvs, 
on trouve 205 fois, soit dans 54 °¢ des cas, la notion certaine ou la trace 
d’un ou plusieurs coups de griffe de chat. Tantot le malade déclare avoir 
élé griffé dans la région tribulaire du territoire lymphatique atteiit, 
fantol il porte des traces plus ou moins nombreuses de coups de grilles. 
On a pu se demander [Mollaret, Reilly, Bastin et Tournier (96)] si la 
fréquence de Vinoculation par coups de griffe n’avait pas été surestimce, 
le nom donné a Vaffection pouvant conduire a n’en pas faire le diagnos- 
lic lorsque précis¢ment celle notion ¢liologique manquail. Cet argumeit 
ne peul ¢tre retenu. kn effet, depuis dix-huit mois, tous les malades vus 
a la Clinique Médicale des Enfants pour adénopathie inflammatoire subii- 
non tuberculeuse ont soumis & Vintradermo-réaction de la 
ladie des griffes de chat, méme lorsqu‘il n'y avait aucun soupcon dino- 
culation ou de contact félin : la réaction a été positive 18 fois, et précisé- 
ment dans 12 de ces 18 cas on retrouvail la notion ou la trace d’un coup 
de griffes de chat. On doit au contraire remarquer que Vaffection touciic 
parfois de jeunes enfants qui jouent avee un chat, et qu’en Vabsence ce 
lésion culanée certaine il peul é¢tre difficile d’élablir s’ils ont ou non cté 
eriffés : trois de nos jeunes malades sont ainsi considérés comme n’ayinl 
pas élé certainement griffés; or le jeu d’un enfant avee un jeune chat vi 
rarement sans coup de griffe. 


Ainsi, la porte d’entrée de la maladie est certainement un coup de 
vriffe de chat dans plus de la moitié des cas, et probablement deux fois 
sur trois. La dénomination de la maladie, donnée simulltanément — sais 
étre publige — aux Etats-Unis et en France pendant plusieurs années a 
done pour elle non seulement sa signification historique mais aussi si 
confirmation par étude de nombreux cas. Il va de soi que cetle dési- 
enalion ne couvre pas la tolalité des fails; mais il en est de méme pour 
le sodoku ou rat-bile fever — dd a d’autres contaminateurs que le rat - 
pour la tularémie (qui a débordé ses limites géographiques), voire pou! 
la tuberculose — sans tubercules — et le paludisme — régnant loin ces 
marais. En vérilé, jusqu’d présent cette dénomination a plus servi a 
dépister la maladie qu’a Vignorer. 

Au resie, au coup de griffe du chat il faut joindre comme autre p:o- 
cessus d’inoculation la morsure de cet animal : pour l'ensemble des =/9 
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olservations considérées, nous trouvons en effet 20 morsures de chat, 
soi! encore pres de 6° du total. Un malade de Greer et Keefer (56) avait 
He léeché par un chat au niveau d’une excoriation culanée. Enfin la 
covvistence d'un coup de griffe de chat et dune autre Iésion culanée par 
ccharde (Obs. 67) ou éclat’ métallique [Bousser (75)] a méme été 


sjgnalée, 


liestent les cas oft une pelite plaie cutanée est délerminée par des agents 
divers. 21 malades sur 379, soit 6°, ont été « griffés » par des pines de 
vegelaux (ronces, rosiers, cactus). 18, soit 5%, ont élé piqués ou coupés 
par un fragment de bois, de métal ou d’os, par une aiguille ou un cou- 
Enfin, 6, soit 2°, ont allribué & une piqdire d’insecle la papule 
rouge qui parait avoir chez eux la porte d’entrée de la maladie. I 
semble done que tout agent capable de produire une érosion culanée 
puisse éventuellement étre & Vorigine de Vinoculation. 


\u total, Vadénite régionale spécifique, & laquelle nous avons donné le 
nom de maladie des griffes de chat, frappe 83 fois sur 100 des sujets en 
contact avec un ou plusieurs chats. La porte d’entrée de laffection est 
un coup de griffe de chat dans 54 °4 des cas au minimum, une morsure 
de chat dans 6°, des cas, une excoriation culanée par agents divers dans 
13°, des cas; elle reste imprécise dans 27 % des cas. La dénomination de 


maladie des griffes de chat - élant entendu qu’elle ne doit pas étre prise 
slriclo sensu — garde done sa valeur pratique. 

Epidémiologie 


Lexistence d’épidémies familiales de maladie des griffes de chat, 
presque toujours développées autour d’un chat domeslique, est connue 
depuis notre premiére observation, éludice avec M. Lamy (32) : il s’agis- 
sail alors d'une mére el de sa fille. Dans leurs premiéres publications, 
Mollaret, Reilly et leurs collaborateurs (92, 95) relatérent Vhistoire de 
cing membres d'une méme famille atleints de la méme adénile, puis 
de trois autres cas familiaux. Depuis lors, d’assez nombreuses épidémies 
familiales ont été observées. Nos 75 observalions comportent 7 épidémies 
de ce type, groupant 14 cas (Obs. 1 et 2, 12 et 13, 28 et 29, 34 et 35, 42, 48 
el 44; Obs. 61 et la femme du malade). On trouve dans la liltérature la 
reltion de 19 épidémies familiales, groupant 46 malades (22), (37), (43), 
JS. (80), (92), (109), (135), (140), (152), (158), et de 2 épidémies de 
voisinage groupant 5 malades (43), (82). Dans la plupart de ces obser- 
Valions, un chat domestique, choyé elt caressé de tous les membres de Ja 
fan lle, apparait comme T’agent contaminateur ou inoculateur commun 
ce fiit est particuliérement net pour les malades de A. Lemaire et J. De- 
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bray (84), une mére et ses quatre enfants, qui chérissaient leur chat au 


point de le laisser parlager leur lit. Dans toutes ces épidémies, la cota. 
mination des malades est simullanée, ou au plus élagée sur trois ou 
quatre semaines : sans doule faut-il en conclure que le chat inocula!cur 
nest porleur de virus que pendant un court laps de temps. Nous avons 
pourtant rencontré une exception & cetle régle : le malade de Vobse: \a- 
tion 61 avait été conlaminé par son chat un an aprés que sa femme | ot 
élé aussi; nous n’avons malheureusement pu mettre en observation cet 


animal, 


On doit en outre signaler Ja possibililé de Vaffection chez les vél ri. 
naires : le malade de notre observation 10 exereait, nous Vavons dit, 


celle profession et avait été griffé par un chat. 


2° Hest plus remarquable de découvrir un foyer cndémique, comme 
Pa fait M. G. Meignan (SS). En deux années dobservation au sein 
groupement urbain de faible étendue, ila pu dépister 12 cas de maladie 
des griffes de chat, dont nous avons confirmé le diagnostic & Vaide ces 
antigénes préparés dans notre laboratoire. Parmi ces 120 observations 
(Obs. 35 4 46 de notre tableau), on trouve une mére et ses deux enfiaiits 
(Obs. 42, 45 et 44), en contact intime avee un chat qui partageait le Tit 
des enfants : lous trois avaient une intradermo-réaction fortement posi- 
live avee Pantigéne spécifique, alors que seuls Je fils ainé et la mere 
avaient ¢lé alteints @adénite. A quelque distance (fig. 1), un autre fover 
est découvert : deux jeunes scours (Obs. 36 et 37), qui avaient depuis 
peu recueilli une chatle abandonnée, présentent simullanément une ade 
nile aigué, dont Vintradermo-réaction permetira un peu plus tard | 
diagnostic réltrospectif. Vautre extrémité de da ville, deux voisins «i 
palier (Obs. 35 et 58) ont ¢lé atteints de maladie des griffes de chat, mais 
trois années Wintervalle : trois chats Gtaient les compagnons de jeu 
habituels de Pun de ces malades, tandis que Vautre avail pris Vhabitucd 


d’enrouler autour de son cou son chat familier. 


Ces détails pitloresques illustrent un cerliin nombre de fails on coil 
lout d’abord remarquer la fréquence de Vinoculation par un chat : tous 
les malades de G. Meignan ont eu des contacts répélés avee un ou yp lu- 
sieurs chats, el quatre d’entre eux (Obs. 39, 40, 41 et 46) se souviennni 
(avoir recu des coups de griffe. D’autre part, il est frappant de cons 
later ici le groupement géographique qu’évoque la figure 10 miata les 
(sur 12) habitent une zone de moins de 500 métres de rayon, Rassemb!<cs 
dans espace, ces adénites sont dispersées dans le temps : prés de c ny 
années se sont écoulées entre Vapparition de la premiére (Obs. 36) et ce 
la derniére (Obs. 46) d’entre elles; il ne s’agit done pas d'une épidén ie 
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[| sence d’épizoolie féline enfin doit ¢tre soulignée : aucun des chats 
in riminés comme propagaleurs de la maladie ne présentait de signes 
morbides, & exception d’un seul (Obs. 42), épileptique de longue date; 
nous avons pu mettre deux de ces chats en observation, sans rien cons- 
tater chez eux d’anormal. Il est done certain qu'une maladie féline ne 
peul tre décélée a Vorigine de cette endémie humaine; mais le groupe- 


ALFORTVILLE 
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hig. 14. — Plan de la commune dAlfortville (Seine). 
lien d habitation des 12 sujets atteints de maladie des griffes de chat est représenté par 


9D points (Va dj: 8 de ces points sont groupes dans un cercle de 500 métres de rayon. 


\ : observation ne 45 FE: observation n° 40 
B : observations 42, 43, 44 observation n° 46 
Co: observation n° 39 H_: observations n® 36 et 57 


D et E: observation n° 4 


observations n® 35 et 38 


meat géographique et les conditions dinoculation suggérent cependant 
existence d'une source unique de virus ayant contaminé Jes huit chats 


ui furent les vecteurs successifs de la maladie. 


Si Veristence dun réservoir de virus parait tres probable, sa 
halare n’est pas connue. La maladie n’a pas une prédominance rurale ou 
Urhaine nettle, On avait pensé que certains animaux, victimes habituelles 
des chats, e’est-a-dire les oiseaux et les muridés, pourraient constituer 
ee ¢servoir de virus : les recherches faites pour confirmer cette lypo- 


e sont restées jusqu a présent infructueuses, La mulliplieité des agents 
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inoculaleurs possibles, évoquant une trés grande diffusion du virus, 4 
suggéreé Mollaret, Reilly, Bastin et Tournier (92, 96) Vhypothése 
virus trés répandu dans la nature, ubiquitaire, capable de pénétrer cans 
lorganisme a la faveur de toute érosion culanée ou muqueuse : cectle 
hypothése n’a pas été confirmée non plus et la fréquence des conics 
félins (lrouvés avec certitude chez des malades) est assez reiiar- 
quable pour qu’on puisse ne pas la retenir. 

Nous avons tenté de mettre en évidence un virus spécifique au niveau 
des griffes des chats, sur leurs poils ou dans leur salive. Nous avens ou 
cing reprises la possibilité de faire des prélévements sur des chats dont 
la griffure avait, quelques semaines auparavant, délerminé une adcénite 
lypique avec intradermo-réaction spécifique positive. Avec Ja collabo- 
ration de Cl. Gerbeaux, nous avons recueilli chez ces cing chats le 
liquide de lavage des griffes et de leurs gaines, et chez Vun dentre 
eux le produit de gratlage des gaines; chez trois de ces animaux, de Ji 
salive a prélevée : Vinoculation de ces produits au singe Cercopilhe yu 
callitriche (C. aethiops sabaeus L.) a élé négative il n’y a eu ni lésion 
locale, ni adénite, ni allergic spécifique. Ces résultats négatifs ne font 
peul-Clre que traduire Vabsence de virus chez le chat & une période tat 


dive, 6 semaines en moyenne apres le coup de griffe inoculateur, ¢’es!-i 
dire & un moment ott lépidémiologie (cas familiaux) suffirait montres 
que Panimal a cessé d’étre infectant. Is n’éliminent nullement possi 
bilité de la présence du virus & une phase plus précoce. Mais ils ne per 


mettent pas de conclure. 


Le probléme de l’agent pathogéne 


(avec la collaboration de L. COSTIL, CL. GERBEAUX 
et Mme V. DROUHET) 


Bien que Pagent pathogéne de la maladie des griffes de chat ne 
pas encore identifié avec certitude, les caractéres cliniques, épidémivto 
viques et histologiques de affection ne laissent aucun doute sur 
nature infecticuse. Nous en avons élé convaincu dés nos premiéres 
vations et avons cherché mettre en évidence un agent pathogéne. 


Vabsence de germes figurés dans le pus, la stérilité des cultures sur | 
milieux Jes plus variés, la négativité des inoculations aux animaux fh. bi 
tuels du laboratoire devaient bientOt apparaitre comme Je trait le tus 
constant de celle adénite si particuliére. 


Nous avons done tenlé de mettre en évidence un virus responsabl li 


maladie. Nos recherches, dont on trouvera ici Vexposé, néont pas 


\ 
a 
R 
le 
ni 
al 


uli a des résultats concluants. Celles d’Armstrong [cité par Daniels et 
Vice Murray (32)] ont été négalives aussi. Seuls Mollaret, Reilly, Bastin 
ef Tournier ont indiqué avoir obtenu la transmission expérimentale de 
I) maladie 4 homme et au singe. La constatation faile par ces auteurs 
de formations corpusculaires intracellulaires (nettles dans les Iésions 
simiennes seulement) et leur découverte d’anticorps sériques communs 
i li maladie des griffes de chat et aux maladies dues aux virus du groupe 
de Vornithose (voir page 35) les ont amenés 4 rapprocher agent patho- 


véne de Ta maladie des griffes de chat de ce groupe de virus. Mais ces 
analogies ne vont pas sans certaines discordances, que nous indiquerons 


plus loin; on ne saurail done les accepler sans réserve. 


Recherches personnelles. 


Nous avons cherché & mettre en évidence la présence d’un virus patho- 
vene dans le pus ganglionnaire de nos malades, dans les ganglions pré- 
levés chirurgicalement, enfin dans la salive de chats inoculateurs et au 
niveau de leurs griffes. 


1° TENTATIVES D’ISOLEMENT D'UN VIRUS DANS LE PUS GANGLIONNAIRE. 


Ces lentatives, faites & partir duo pus de nos premiers malades, 
avaient aulant pour but la découverte d’un germe figuré que celle dun 
virus, Comme nous Vavons déja indiqué avec Ribierre (56), ces 20 pus 
ont ¢lé cultivés sur les variétés usuelles de bouillon et de gélose nutritive, 
1! d’entre eux été sur milieu de Léwenstein toutes Jes cultures ont 
Ce négatives. 11 échantillons de pus ont ¢lé inoculés au cobaye par voie 
sous-culanée et intrapéritonéale, un certain nombre d’entre eux ont été 
inoculés par voie cornéenne et intracérébrale au cobaye, au lapin, a Ta 
souris : aucun animal n’a montré de troubles ou de lésions en rapport 
avec Pinoculation, aucun n’a présenté de réaction positive aux injections 
intradermiques d’antigéne spécifique. 

lusieurs de ces prélévements purulents ont été confiés au Professeur 
Qherling, quia bien voulu les examiner. Mais ni examen au microscope 
Cectronique, ni Vinoculation sur ceuf embryonné et sur cultures de 
lissus in vitro n'ont révélé la présence d’un agent pathogéne. 
2° TENrATIVES D'ISOLEMENT D'UN VIRUS DANS LES GANGLIONS PRELEVES 

URGICALEMENT. 

\os essais ont porlé sur un tolal de onze ganglions prélevés chirurgi- 
calement. Tous, malheureusement, Vont été & un stade avancé de la 
miladie; malgré la consistance ferme des ganglions biopsics, tous conte- 
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naient de larges zones de suppuration. Aucun des malades opérés n'a ail 
Mé antérieurement traité par Vauréomycine, la terramycine ou le c! 
ramphénicol, mais quatre d’entre eux avaient recu des injections de 
pénicilline. 


\ partir de ces onze ganglions, nous avons d’une part recherch: Ja 
présence de corpuscules intracellulaires, part pratiqué des ine ou- 
lations sur cullures de lissus, sur ceuf embryonné, sur les animaux de 
laboratoire usuels, sur des singes, enfin sur des rongeurs trailés par ta 


cortisone. 


a) Recherche de corpuscules intracellulaires. 


Les onze ganglions humains que nous avons examinés apres colora- 
lion par le Giemsa suivant diverses techniques ne contenaient pas de 
eranulo-corpuscules comparables & ceux que Mollaret, Reilly, Bastin et 
Tournier (709) ont observés en grand nombre dans les lésions simiennes 
eten trés petit nombre dans les lésions ganglionnaires humaines. Neus 
reviendrons (voir p. 62) sur ce fait. En outre, nous avons dans six cus 
décalqué a partir de la tranche de section du ganglion frais des em- 
preintes sur lame; Pétude eylologique aprés coloration de May-Gruwali- 
Giemsa n’a montré que des inclusions non spécifiques & Vintérieur des 


macrophages. 


b) Inoculations sur cultures de tissus. 


Ces essais ont ¢lé conduits 4 partir de six biopsies ganglionnaires, Dewx 
d’entre ces cullures n’ayant pu élre repiquées en série, nous n’en relien 
drons que quatre. 


Ces quatre essais ont comporté @une part Pinoculation du broyat gin 
elionnaire sur des cultures de fibroblastes humains (d’origine amygui- 
lienne ou ganglionnaire) en période de croissance, d’autre part la mise 
en cullure du broyvat ganglionnaire lui-méme, aboulissant en quelques 
jours & la constitution de colonies de fibroblastes. 


Les cultures ont été conduites soit en flacon de Borrel, soit en « tube 


roulé », el ont été repiquées en série. 


Nous navons relevé aucun phénomeéne qui puisse traduire la présence 
(Mun virus. La croissance des colonies fibroblastiques s'est effectuée neor- 
malement. L’examen microscopique des colonies aprés fixation et colo- 
ration de May-Grunwald-Giemsa n’a pas montré de granulations ul 
puissent suggérer la présence d'un virus. Le liquide nutrilif, prélevé dans 
trois cas aprés plusieurs jours de contact avec la culture de tissus ct 


injecté par voie intradermique a des sujets atleints de maladie des gril cs 


de chat n'a donné lieu A aucune réaction locale ou a distance. Enfin Vino- 


ne 
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ition intradermique & un jeune singe Cercopithéque aethiops sabaeus 
ds liquide ayant baigné trois de ces cullures de tissus n’a déterminé ni 
1 clion locale, ni adénile régionale, ni apparition d'une allergie Vanti- 
eine de la maladie des griffes de chat. 


Jnoculation sur oeuf embryonne. 


sous n’avons tenté que deux fois ce mode de culture. Le broyat gan- 
elionaire a été inoculé dans le sac vitellin d’une série d’ceufs incubés. 
nen est résullé aucune lésion du sac ou de Vembryon. 


d) Inoculations différents animausx de laboratoire. 

ganglions prélevés chirurgicalement et broyés au mortier ont 
ces inoculations. Le broyat ganglionnaire émulsionné d'une part, 
et d’autre part le liquide surnageant apres centrifugation ont été inocu- 
lés par voie intradermique et sous-culanée & un cerlain nombre de lapins, 
de cobayes, de rats et de souris, 4 3 hamsters, & 2 furets, & un mérion, 
i 2 chats, & un chien. 


\ucune de ces inoculations n’a déterminé de lésions locales ni d’adé- 


hopathies. 


Inoculalions aux singes. 

Deux jeunes singes Cercopithéeques callitriches (C. aethiops sabaeus L.) 
mis & notre disposition par le Professeur Urbain ont recu par voie sous- 
culanée et intradermique le liquide surnageant apres centrifugation du 


broval de deux ganglions prélevés chez nos malades. 


Ces animaux ont ¢lé observés pendant les deux mois suivant linocu- 
lation. Ils n’ont présenté ni Iésion cutanée au point d’inoculation ni 
linitfaction ganglionnaire; le ganglion tribulaire du territoire inoculé, 
prclevé chez Pun d’eux, ¢lait histologiquement normal, Deux mois aprés 
Vinoculation, les singes ne réagissaient pas a Vinjeclion intradermique 
dantigéne de la maladie des griffes de chat. 


!) /noculations aux rongeurs traités par la cortisone. 


cortisone injectée doses fortes peut sensibiliser les animaux l’ac- 
licn de certains virus. C’est ainsi, pour ne citer que quelques exemples, 
quon peut obtenir Vinfection d’animaux normalement résistants a un 
Virus donné [inoculation du virus de Coxsackie a la souris adulte par 
Kiibourne et Horsfall (68)] ou obtenir chez des animaux sensibles une 
aliection plus grave et @incubation écourtée [inoculations de virus polio- 
m><élitiques au hamster et au singe par Fieldsteel et Sabin (729), de virus 
veccinal au cobaye par Kligman et coll. (69)]. Nous avons tenté d’appli- 
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quer celle méthode 4 la transmission expérimentale de la maladie ‘les 
criffes de chat, & partir des ganglions prélevés chez trois de nos mali les 


Lors de notre premiere série @erpériences, le broyat ganglionn 
émulsionné a 66 inoculé par voie intradermique 4 2 lapins, 4 cob: yes 
et 10 souris. Ces animaux ont recu 3 injections intramusculaires de cor. 
lisone par semaine, aux doses de 100 mg par injection pour les lapins, 
15 mg pour les cobayes, 0 mg 50 4 0 me 75 pour les souris; la premiCre 
injection de cortisone a été faite 2 jours avant Vinoculation, la second. le 


jour méme de Vinoculation, les autres ensuite. 


Dés le lendemain de Vinoculation, il est apparu chez tous les animeuy 
ainsi traités une papule blanchatre au point d’inoculation. Cette papul 
s'est maintenue, sans évoluer pendant 4 4’ 8 semaines chez les 10 souris: 
nous navons pu lVobserver que pendant 1 a 3 semaines chez les cobayes 
et les lapins, morts dinfection intercurrente favorisée par Vinjection de 


doses massives de cortisone. 


La papule dermo-hypodermique ainsi obltenue présente certains ces 
caractéres histologiques de Ja maladie des griffes de chat (figures 2 ct 
2 bis). Elle est constituée dun granulome inflammatoire subaigu, 
des zones ott prédominent de grandes cellules claires, histioeytaires, ct 
Mautres ot prédominent les éléments inflammiatoires, cellules & moyau 


rond essentiellement, avec quelques polynucléaires. 


Elle est, de plus, transmissible en série : Vinoculation duo broyat ce 


ces papules 4 de nouveaux lots de souris, également traitées par Ta cor! 


sone, délermine des lésions identiques. Nous avons ainsi réalisé 6 pas 


ges successifs. 


Cependant, nous ne pouvons affirmer que les Iésiois ainsi obtemues 
chez les rongeurs traités par la cortisone reproduisent la maladie ces 
vriffes de chat. En effet, ces papules apparaissent aprés un court deli 
(incubation, & peu prés vingt-quatre heures aprés Vinoculation, et per: 
sistent sans évoluer pendant plusieurs semaines. Elles ne saccompagnent 
jamais satellite. Histologiquement, elles noont ni disposi- 
lion folliculaire ni cellules géantes. Elles ne paraissent pas contenir Ton 
ligéne spécifique de la maladie, car leur broyat, inoculé dans le derme de 
sujets alleints de maladie des griffes de chat, n’a pas donné de réaction 
franchement positive. Enfin des animaux-témoins, également trailés jat 
la cortisone, mais inoculés non plus avee le broyvat émulsionnné m iis 
avec le liquide surnageant aprés centrifugation, n’ont pas présenté de 
lésions. Si done ces papules ne peuvent se produire qu’en présence ‘es 
débris du ganglion broyé, il nest pas possible de dire si elles traduiscnt 
une lésion spécifique ou un simple granulome irritation; de nouvel!es 


recherches sont nécessaires. 
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\u cours d'une deuriéme série dexpériences, nous avons inoculé par 
diverses voies le broyat de deux ganglions prélevés chez nos malades a 
d) nouvelles séries d’animaux, dont certains Glaient traités par la corti- 

? portées de 8 souriceaux nouveau-nés ont été inoculées par voie intra- 


eérébrale; 

| groupes de 6 souris adultes traitées par la cortisone (3 injections de 
ling 48 heures @intervalle) ont été inoeulées par voie intracérébrale ; 

t souris adultes traitées par la cortisone (aux mémes doses) ont 6té ino- 
culées par voie intrapéritonéale ; 

( souris adulles traitées par la cortisone (aux mémes doses) ont recu 
un implant sous-cutané dun fragment du ganglion biopsié; 

2 lots de 4 souris adultes traitées par Ja cortisone aux mémes doses) 
ont été soumises & Vinhalation du broyat ganglionnaire aprés anesthésie 
| éther; 


2 cobayes traités par la cortisone (2 injections de 15 mg avant Vino- 


culation) ont été également soumis & Vinhalation du broyat au cours 


d'une anesthésie a l’éther; 

3 lapins trailés par la cortisone (2 injections de 100 mg avant Vinocula- 
lion, 3 injections de 75 mg aprés Vinoculation) ont été inoculés par sea- 
rilications cornéennes. En oulre, deux d’entre eux ont élé inoculés par 
voie intratesticulaire. 


\ucun de ces animaux n’a présenté une affection ou Iésion qui puisse 
‘tre impultée Vinoculation de broyat ganglionnaire. 


3) TENTATIVES D’ISOLEMENT D'UN VIRUS DANS LA SALIVE DES CHATS ET A LA 
SURFACE DE LEURS GRIFFES. 


Yous avons pu effectuer des prélévements, chez cing chats qui parats- 
svient avoir inoculé cing de nos malades. Chez trois de ces chats, nous 

ons prélevé de la salive. Chez les cing, nous avons recueilli le liquide 
de lavage des griffes et des gaines unguéales. Chez deux d’entre eux enfin, 
hous avons préparé un extrait de poils. 

Ces produits ont inoculés trois jeunes singes Cercopithéeques 
thiops sabaeus. Ces inoculations déterminé ni lésion locale, ni 

‘nite régionale, ni apparition dune allergie & Vantigéne spécifique 


deux mois aprés Vinoculation, Elles sont done négatives. 


On doit cependant remarquer que les prélévements effectués chez les 
ils ne Vont été quaprés la constitution d'une adénite typique, c’est- 
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i-dire deux mois en moyenne aprés le coup de griffe inoculateur. Or 
l’épidémiologie montre (voir page 17) que lorsqu’éclate autour 
une ¢pidémie familiale, les malades sont atleints & peu prés simullicé- 
ment. Le chat qui transmet la maladie n’est donc probablement port ur 
de virus que pendant peu de temps. Aussi, bien que nous ne puissinns 
démontrer exp¢érimentalement le role inoculateur habituel du chat, cet 
échee nenléve-t-il pas leur valeur aux arguments cliniques stati-ti- 


ques exposés plus haut. 


Discussion. 


Les résultats de cet ensemble de recherches appellent quelques 
ques. En effet, le caractére infecticux de la maladie ne fail pas de doule, 
el sa transmissibilité au singe Cercopitheque acthiops sabaeus a affis 
mee par Mollaret, Reilly, Bastin et Tournier (J07) qui ont obtenu une 
maladie expérimentale comparable & la maladie humaine par ses lésious 
culanées cf ganglionnaires (chez deux animaux) et par son allergie (chez 
un troisiéme); ces auleurs n’ont cependant pas indiqué avoir transmis 


fa maladie en série. 


Mais les Iésions ganglionnaires de la maladie des griffes de chat ne 
sont sans doule virulentes que pendant peu de temps et cessent de Télre 
lorsque débute la suppuration, En effet, Mollaret, Reilly et leurs collab »- 
rateurs nont pu transmettre la maladie au singe qu’a partir de ganglions 


non suppurés; un essai de transmission & Vhomme leur a en outre done 


un seul résullat positif sur quatorze inoculations de pus. On doit dor 


admetire avee ces auleurs que Pagent pathogéne de la maladie des grifl 
de chat tend a disparaitre spontanément des lésions ganglionnaires. ( ¢ 
fait rend comple de Véchee de nos deux inoculations au singe a partir ce 
vanglions suppurés. Nayant pu opérer que des malades dont un gas: 
elion au moins avail déji suppuré, nous ne pouvons d’aulre part conclure 


de VPéchee de nos inoculations 4 Vimpossibilité de culliver le virus s 


lissus in vilro ou sur ceuf embryonné ou de le transmettre aux rongeu 


lrailés par Ja cortisone : de nouvelles inoculations devront étre faites 


des ganglions peuvent étre oblenus 4 un stade plus précoce. 


es caractéres et la nature de agent pa rene ( a maladie des ¢ 
I ractéres et | ture de agent pathogéne de la maladie des ¢1 
fes de chat ne sont qu’en partie connus. La mise en évidence par Mollar 
ieilly et leurs collaborateurs (94) d’anticorps sériques communs a 
Reilly et | Hal 94) dant ) I 
maladie des criffes de chat, i la maladie de Nicolas-Favre et a Vornithos 
psillacose et d’inclusions corpusculaires dans les ganeglions simiens (// 


leur onl fail considérer que la maladie des griffes de chat est due & wn 


virus du groupe de lornithose. Ce groupe comporte déja les virus de 
lymphogranulomatose inguinale, de Vornithose-psitlacose, de la pne 
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ric feline de Baker, de la pneumonie et de la méningo-pneumonie des 
sooris, de cerlaines pneumonies alypiques humaines; les agents patho- 
es de Vurétrite et de la conjonctivile A inclusions lui ont été un 
ment ratlachés. 


ependant Vanalogie entre les virus de ce groupe et le virus de la 
mie ladie des griffes de chat n’est pas compléte. L’absence ou Vextréme 
rarclé des granulations intracellulaires dans les lésions humaines est un 
fai! notable. D’autre part les corpuscules intracellulaires décrits par Mol- 
larcl, Reilly, Bastin et ‘Tournier (200) chez le singe, et que nous n’avons 
pas retrouvés chez Vhomme, se colorent par la méthode de Giemsa et 
now par celle de Macchiavello, ce qui les distingue netlement des inclu- 
sions cellulaires de Vornithose et des maladies voisines. En troisiéme 
lieu, alors qu‘il est’ possible de culliver les virus du groupe de 
Pornithose sur ceuf embryonné et sur culture de tissue in vilro, 
les tentatives de culture du virus de la maladie des griffes de chat ont 
jusqu’a présent échoué, Enfin Vexistence au cours de la maladie des grif- 
fes de chat danticorps sériques capables de réagir avec Vantigéne de 
cullure de la lymphogranulomatose inguinale ne constitue pas une preuve 
de da parenté de ces deux affections : il y a des exemples de réactions séro- 
loviques croisées entre affections n’apparlenant pas au méme groupe 
reactions des ricketlsioses avec les Proteus, réactions de Wassermann 
au cours des pneumopathies & virus). On ne peut done rapprocher com- 
plitement Pagent pathogéne de la maladie des griffes de chat des virus 
du groupe de Vornithose. 
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\lanifestations cliniques el biologiques 


hi. forme commune de la maladie des griffes de chat associe une 
sion cutanée dinoculation, discréte et souvent peu visible, une adeé- 
nile régionale, souvent suppurée, toujours amicrobienne, et des manifes- 
lalions générales inconstantes. L’étude des observations publiées et de 
nos 4 Observalions ne fait que confirmer la description iniliale, en Ta 
complétant sur quelques points. L’intradermo-réaction spécifique reste le 
eritére le plus stir du diagnostic, qu’évoque le plus souvent le souvenir 


ou la trace dun coup de griffe de chat. 


Mais on a pu, depuis trois ans, rathacher a da maladie des griffes de 
chal une série de manifestations plus ou moins alypiques, toules asso- 
ciées & une adénile histologiquement caractéristique et a4 une allergie 
culanée Vantigéne spécifique. Il est indispensable que ces deux condi- 
lions soient réunies, car la durée de Vallergie atleint plusieurs années 
comme nous Vavons dit plus haut & propos de notre observation de 
45, et, en Pabsence d’adénile, la positivité de Vintradermo-réaction ne 
permettrail pas d’affirmer le caractére récent de Vinoculation de la 
maladie des griffes de chat. Ces formes alypiques comprennent actuelle- 
ment : 1° des formes inapparentes; 2° cerlaines variantes de la forme com- 
mune; 3° des formes bucco-pharyngées, mésentériques, thoraciques, ocu- 
laires, alypiques par le siege des manifestations; 4° enfin des formes avec 
accidents nerveux, seul aspect inquiétant d'une affection par ailleurs 
bénigne. Nous décrirons successivement la forme commune et les for- 
plus rares ou particuliéres. 


La forme commune : données cliniques 


us avons déja donné ailleurs Ja description de cetle forme, avec 
M. Lamy, M. L. Jammet, L. Costil et P. Mozziconacci (32, 33) puis avec 
M. (ibierre (36). Les publications de Mollaret, Reilly et Tournier (92, 92, 
“de Daniels et Mac Murray (29, 50, 37), de Wegmann, Usteri et Hedin- 
/36) pour ne ciler que les principales, en Comportent également une 


| 
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deseriplion trés compléte. H convient cependant d’y ajouler certains dé 


fails, et des données d’ordre statistique. 


1° Durée @inoculation elle a pu etre précisée dans quelques cas, ace 
au souvenir qu’a le malade de Vincident d’inoculation, Une petite ma. ule 
culanée peul apparailre une semaine apres Vinoculation (Obs. 3, 16, 24), 
Plus souvent, la lésion dinoculation ne devient visible qu‘aprés plusi: urs 
semaines, trois en moyenne (Obs. 64). Ou bien encore elle ne se ré Cle 
quapreés Ja constitution de Vadénite. 


Le délai dapparition de Vadénite est généralement de quelques se- 


maines. Entre Vineident @inoculation et Ja constitution de Vadéine; 
thie, il s’est Geoulé 6 semaines chez nos malades des observations 16, 27 
el 64; un mois chez le malade de Vobservation 24, trois semaines cliez 
celui de observation 18. Une seule fois (observation 3) ce délai s est 


réduit & une dizaine de jours. 


2° La lésion cutanée Minoculation est ineonstante : elle présente 
29 fois sur nos 75 cas de forme commune de la maladie. Pour Pensemble 
des 242 observations dans lesquelles elle a été recherchée, elle Chait preé- 
senle 126 fois, soit une fois sur deux. Mais elle peut étre mécoanue, car 
elle est souvent diseréte. Elle se présente le plus souvent comme une 
simple macule ou papule rosée, de 2a 10 mm. de diamétre (fig. 3) plus 
rarement comme une rhagade tracée par le coup de griffe. IL peut apya- 
raitre, demblée ou aprés quelques jours, une vésicule ou une pustulcite 
au centre de celte papule; Ja Iésion évolue alors vers la formation d'une 
crottelle, ou plus rarement vers Vuleération (fig. 4). La Iésion primaire 
est généralement unique; nous n’avons pas observé les lésions multiples 
signalées par Daniels et Mac Murray (54). La Iésion peut revélir Vaspect 
dune périonyxis, comme dans les observations de Hanger (in) Daniels 
el Mac Murray [30]), d’Epstein (45) et dans notre observation 67. 


L’évolution de cette petite lésion est trés variable. Lorsqu’elle est appa- 
rue peu apres Vinoculation, elle persiste parfois plusieurs semaines; plus 
souvent elle s‘efface, mais peut réapparaitre lorsque Vadénite se con-ti 
tue. Ailleurs, la Iésion culanée initiale reste invisible jusqu’d la consti 


tulion de Vadénite, et subit 2 ce moment une réactivalion de courte 


durée. Dans les deux cas, Vinjection intradermique de Vantigéne spc 
fique peut délerminer Ja reviviscence de la Iésion dinoculation tle 
réaction focale, que nous avions déji observée en 1947 (observation 3, 
n'est pas trés fréquente, mais peut ¢tre trés intense : ainsi la malade ce 
Vobservation 65, qui semblait avoir une seule lésion cutanée présterr le 


fic. 4), vil apparaitre au lendemain de Vintradermo-réaction 4 papi les 


rouges préthoraciques correspondant aux coups de griffe recus. 


2. Grantdome cutane Vinoculation chez la souris 
trailee par la cortisone. 


hig. 2 bis. — Detail due precedent. 
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Lesion initiate dotgt par coup de gritfe de chat. 
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5 Adenite axillaire. hig. 6. — Adenile sus-claviculaire. 


PAG. 3. Intradermo-reaction positive. 


‘ 


Courbe thermique (forme hyperpyrétique, Obs, 63). 
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 L’adénile, au contraire, est constante, el parfois résume toule la 

ladie. Elle est essentiellement régionale, faite le plus souvent d’un 
esaglion principal et de deux ou trois aulres plus pelils. Une adénite 
n’est pas rare : épitrochiéenne et axillaire, sous-angulo-maxillaire 
ef carolidienne, ou inguinale et rétrocrurale; ce fait est signalé 46 fois 
suv un total de 248 cas. Hormis cette éventualilé, Padénite intéresse excep- 
ceplionnellement plusieurs terriloires Iymphatiques : il s’agit alors, le 
plus souvent, d’une inoculation en une région du tégument drainée par 
plusieurs groupes ganglionnaires : tel est le cas de la malade de Vobser- 
yalion 69, qui présentail une lésion d’inoculation par coup de griffe 
de chat au niveau du sternum, avec des adénopathies du cou et des deux 
aisselles, 

Le siége le plus habituel des adénites de la maladie des griffes de chat 
est Vaisselle, moins souvent le cou et Ja face, moins souvent encore 
Paine : c’est en effet & la main qu’a lieu Je plus souvent Vinoculation. 
Sur un total de 248 observations (75 observations personnelles et 173 ob- 
servations publiées avee indication du siége de Vadénile) on trouve en 
effel adénites axillaires (dont 33 accompagnées d'une adénite épi- 
lrochléenne), adénites cervicales (sous-maxillaires et carotidiennes 
(4 fois, sus-claviculaires 7 fois), 49 adénites inguinales (3 fois seulement 
associ¢es & une adénopathie rétrocrurale décelée), 9 adéniles prétragien- 
nes, adénites épitrochléennes isolées, sans atleinte axillaire. Il est 
exeeplionnel de voir s’associer ces localisations Vatleinte ganglion 
occipital, trapézien, huméral et plus exceptionnel encore de noter 
leinte de ganglions profonds, thoraciques (Charbonneau |22]|), abdo- 
minaux (Usteri : nous reviendrons sur ces fails particuliers. 

I faut insister sur Ja variabilité des caractéres de Vadénite. Son volume 
peul aller de celui d'une cerise & celui d’une orange, mais reste le plus 
souvent modéré. Ele est parfois indolente ou plus souvent délermine une 
vene fonctionnelle légére, avec une sensation de tension et quelques 
douleurs; elle est rarement trés douloureuse. La peau qui la recouvre, 
dabord normale (fig. 5) devient luisante et violacée (fig. 6) si une sup- 
puralion tend & s’extérioriser. Une périadénilte modérée entoure presque 
lonjours le ganglion et Vimmobilise. L’adénite des griffes de chat garde 
lonelemps une consistance ferme, et la fluctuation précéde de peu la fis- 
cependant, la ponclion exploratrice systématique révéle, dans 
prs de Ja moitié des cas, une suppuration ¢lendue, qu’aucun ramollis- 
scioent ne daissait prévoir : au total, la suppuration a été trouvée 109 fois 
su des 207 cas of elle a été recherchée. Il existe pourtant de facon cer- 
laice des adénites qui durent plusieurs semaines sans suppurer, comme 
novos Pa montré la biopsie ganglionnaire de la malade de lobserva- 
lion 58, dont Vobservation nous a été confiée par MM. G. Semelaigne et 
J. Guivarch. 
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4° Les signes généraug sont variables, eux aussi. Dans prés d’un tiers 
des cas (23 fois sur nos 75 observations) il n’y a ni fiévre ni asthéiie, 
général n’est pas modifié : Daniels et Mac Murray (37) signalen) 
méme proportion de malades apyréliques. En régle générale (43 fois su 
79) la constitution de ladénite est marquée par une fiévre modérée, ui 
oscille autour de 38° et dure 8 4 15 jours (fig. 8); le malade est fatie uc, 
maigrit un peu, se plaint de quelques céphalées pendant la durée de Ia 
période fébrile. On peut enfin, plus rarement (9 fois sur 75), observer 
une fiévre ¢levée et un corlége fébrile bruyant : la température atleint 
439° et méme 40°, des frissons accompagnent les premiéres poussées f¢- 
briles, Vasthénie et Vamuaigrissement progressent rapidement; ces formes 
hyperpyrétiques sont parfois en méme temps des formes prolongécs : 
ainsi, la malade de observation 20 est restée fébrile pendant deux muis. 


Dans quelques cas, chez un malade dont Ja température est normale oti 
subnormale, linjection intradermique d’antigéne spécifique déclenclie 
a la fois une réaction focale et une réaction générale fébrile. Cetle reac 
lion est peu fréquente, presque toujours discréte et de courte durée. Nous 
ne avons vue qu'une fois (observation 63) donner lieu & une fityre 
élevée, oscillante, qui dura 10 jours (fig. 9), s’accompagnant de frissons 


et d'une assez grande fatigue. 


5° Evolution. La maladie est bénigne, et guéril en général spontinc 
ment, en quelques semaines; seule la possibilité d’accidents nerveux 
(voir page 51) pourrait faire émettre quelques réserves. La lésion cula- 
née d’inoculation s’efface, fait place & une macule cicatricielle qui «is- 
parait peu a peu. L’adénite, en Vabsence de tout traitement, peul ¢tre 
spontanément et complétement résolutive : parmi nos malades, 19 n ont 
élé traités d’aucune maniére et 9 d’entre eux, c’est-d-dire prés de li 


moitié, ont guéri saus suppuration extériorisce. 


Souvent aussi ladénite non trailée se fistulise : la peau sus-jaceste 
samincil, devient luisante et violacée, puis s’ulcére et donne issue i un 
pus jaunatre, épais, remarquable par son caractére filant et visqueuy; 
nous reviendrons sur les caracléres de ce pus el sur sa slérilité (\oil 
page 36). La fistule, assez largement ouverte, a des bords amincis, évers's, 
violacés, un contour irrégulier : aussi l’adénile des griffes de chat fi-iu- 
lisée en imposerait-elle facilement pour une adénile tuberculeuse. \iiis 
sa guérison rapide et compléte est tout a fait caractéristique : en qrel- 
ques semaines la fistule s’asséche et se ferme, la peau reprend son asj vc! 
normal; il ne persistera aucune cicatrice, tout au plus une coloration 
rosée de la peau & ce niveau; ce fait capital exclul, méme rétrospecli\e- 
ment, ladénite tuberculeuse, et mérile done d’étre souligné. 
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Mais la suppuration ganglionnaire non traitée peul aussi s’enkyster 
3 fois sur 19 cas) : ’adénomégalie persiste alors (neuf mois dans une de 
nos observations, deux ans dans une autre), sans évoluer, jusqu’au jour 
of une ponction ou une incision donne issue au pus el permet la gué- 
rison. Ces adénites enkystées, non évolulives et non fébriles, doivent 
ire distinguées des formes prolongées de la maladie, avec fiévre et aug- 
mentation de volume de l’adénite (voir page 43). 

Infin la fiévre et les signes généraux sont, nous l’avons dit, d’assez 
breve durée dans la forme commune : ils n’excédent pas quinze jours 
dans la majorité des cas, ou alteignent tout au plus trois semaines. Cer- 
taines formes prolongées échappent a cetle régle. 


Examens biologiques 


Si lypique que soit une adénile des griffes de chat par ses caracleres 
cliniques el par ses condilions d’apparition, elle ne peut cependant étre 
identifiée avee certitude que par Vintradermo-réaction spécifique. Les 
wulres examens biologiques aulorisent de séricuses présomplions, mais 
nont pas le méme caractere décisif. 


|’ L’intradermo-réaction Vantigéne spécifique. 


Li préparation de Vantigéne est facile; nous en avons déja indiqué 
32, 33, 36, 125) la technique, inspirée de Foshay el mise au point avec 
L. Costil. Le pus est prélevé par ponction aseplique d’une adénile sup- 
purée, puis dilué au 1/5 dans Veau physiologique. La dilution est homo- 
géncisée par agilation dans un flacon stérile contenant des billes de 
verre; un séjour de 24 heures a l’éluve a 37° est parfois nécessaire pour 
la rendre homogéne. La solution est alors additionnée de 1.000 unilés de 
penicilline par centimétre cube et sa stérilité est contrdlée par culture 
sur les milieux usuels. Elle est ensuite répartie en ampoules et celles-ci 
subissent une tyndallisation & 60° (deux heures le premier jour, une 
heure le lendemain). Enfin quelques ampoules sont prélevées sur le lot, 
cerfiines subissent un nouveau controle de stérilité, d'autres servent aux 
essiis de spécificilé (absence de réaction chez des sujets indemnes de mala- 
die des griffes de chat) et de valeur antigénique (intensilé de la réaction 
oblonue chez d’anciens malades). 

|. technique de linjection est simple : on injecte 1/10 de centimétre 
cub. d’antigéne, striclement dans le derme, au niveau du bras ou de 
lay int-bras. 

|. lecture de Vintradermo-réaction doit étre tardive : elle est possible 
au 5° jour, mais il est préférable d’atlendre le 4° jour : nous avons vu en 
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effet, chez trois de nos malades quolidiennement suivis, la réaction 1 ap- 
paraitre qu’au 4° jour, Lorsque la réaction est posilive, on constate | yis- 
lence d’une papule d’un rose vif, bien limilée, franchement saillani 
indurée au palper, dont le diamétre est d’au moins 6 mm., mais pcul 
atteindre 1 cm. (fig. 7); la papule étre entourée d'une aréole rose 
mais non indurée, Elle est souvent prurigineuse. On peut voir apparaitre 
en son centre une petile vésicule ou vésico-pustule, contenant une gout- 
leletle de liquide stérile, et qui se recouvre d’une crodtelle. Habituclle- 
ment la papule persiste trois ou quatre jours; parfois cependant, Ia! 
gie est si forle que Ja réaction est encore nelle au quinziéme jou 


Une réaction focale ou générale accompagne parfois la réaction locale 
a Vantigéne spécifique. La réaction focale peut intéresser la lésion cuila- 
née de Vinoculation, qui subit alors une reviviscence (voir page 30), ou 
bien se traduire par une augmentation de volume de Vadénopathie, ui 
devient plus sensible. Elle est toujours transiloire. La réaction générale 
est plus rare : nous ne lavons nolée que deux fois : chez Pun de nos 
malades (observation 63), elle détermina une fiévre élevée, pendant 10 
jours. Ces fails constituent une preuve supplémentaire de la spécificile de 
la réaction, mais sont assez exceplionnels et bénins pour qu'on puisse cn 
affirmer Vinnocuilé. 

La spécificité de la réaction nous parait cerlaine. Pratiquant systema 
ligquement Vinjection intradermique chez lous nos malades atleints d/ade- 
nile, nous n’avons jamais rencontre de réaction posilive en désaccord 
avec la clinique. D’autre part, cinquante injections-lémoin pratiquées su 
des sujels normaux avec les antigénes provenant de dix malades différents 
ont loules ¢lé négatives. La spécificité de la réaction a été confirmée pat 
tous les auteurs qui ulilisée, & Pexception de Wilcox (160, 160 bis 
cel auleur a injecté Vantigéne de la maladie des griffes de chat a scize 
malades atteints d’urcthrile aigué non gonococcique, et observé 
réaclions positives. Cetle observation appelle quelques réserves, Vautour 
nindiquant ni la date de lecture de Ja réaction, ni Vabsence dadcénile 
dans les antécédents de ses malades. Si cependant cerlaines uréthriles 
a virus délterminaient une allergie & Vantigéne de la maladie des griffes de 
chat, il y aurait lieu de penser qu'un méme virus — ou un virus [res 
semblable est & Vorigine des deux affections; celle hypothése app ll 
de nouvelles recherches. 

La réaction peche-t-elle parfois par défaut Nous avons observé 
discordance des réactions chez deux de nos premiers malades (obse: va- 
tions 13 et 14), une mére et son fils, trés probablement infectés par le 
méme virus; lenfant avait été griffé par un chat; ces deux sujets n’avaicnt 
pas réagi a l’un des antigénes dont nous disposions alors, mais réagir nl 


netiement avec un anligéne préparé par MM. Mollaret et Reilly. Dey iis 
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lors, nous avons syslématiquement lesté 12 de nos malades avec 2 ou 3 
antigenes différents, et rencontré une fois une telle discordance des réac- 
tious. Des faits comparables ont é1é signalés par Mollaret, Reilly et leurs 
collaborateurs (99), par Daniels et Mac Murray (37) qui ont observé la 
meme discordance chez deux sceurs, par Berardinelli (7) avec deux de 
nos antligénes, 


Comment interpréter ces discordances ? Existe-t-il plusieurs variétés 
antigéniques de pus ? Certains sujets atteints d’adénite des griffes de 
chal ne réagissent qu’a un antigéne donné, alors qu’au contraire la plu- 
part des malades réagissent 4 tous les anligénes. Cette hypothése de la 
multiplicité des antigénes est celle de Mollaret, Reilly et collaborateurs 
0), pour qui il existerait’ trois types d’antigénes. Mais on doit tenir 
comple de deux autres faits. D’une part, les antigénes ne sont que des 
pus cmpiriquement dilués et leur essai préalable chez quelques malades 
ne permet pas de les litrer avee précision. D’autre part, if existe des diffé- 
renees de réactivilé entre les individus : Daniels et Mae Murray (67) ont 
oblenu avec un antigéne donné une réaction franchement positive et 
trois réactions négatives chez quatre malades de la méme famille, conta- 
mines tres probablement 4 la méme source de virus. Quel que soit le 
role respectif de la pluralité des antigénes, de leur mode de préparation 
el du degré individuel de sensibilité, il convient de multiplier les intra- 
dermo-réactions chez tout sujet cliniquement suspect de maladie des 
criffes de chat quia présenté une réaction négative. Peut-clre aussi pour- 
ra-t-on, comme le sugegérent Daniels et Mac Murray (37), préparer a 
Paide de plusieurs pus mélangés un antigéne éventuellement polyvalent. 


Lia durée de Ja persistance de Vallergie spécifique n’est pas encore 
connue. Trois de nos malades (Obs. 1, 2 et 57) gardaient une réaction 
posilive 5 ans apres leur adénile, un autre (Obs. 3) 3 ans aprés. Sans 
doule cette durée peut-elle étre plus grande encore. Aussi doil-on toujours 
interpréter avec prudence l’associalion d'une manifestation pathologi- 
que fant soit’ peu atypique et d’une réaction positive qui peut n’étre 
que le témoin d’une ancienne maladie des griffes de chat. En revanche, 
lintradermo-réaction rectifie souvent de facon rétrospective le diagnostic 


dune adénite guérie. 


2 La réaction de déviation du complément a été obtenue par Mollaret, 
telly, Bastin et Tournier (94, 98, 99) avec Vantigéne de cullure de la 
lwmiphogranulomatose inguinale sur sac vilellin d’ceuf ineubé, en sui- 
van! Ja technique habituellement employée pour le séro-diagnoslic de 
celle derniére affection. Ces auteurs font état d’une série de 43 malades, 
sur lesquels 20 seulement ont une réaction positive & une dilution égale 
ou supérieure au 1/10; ils notent que les réactions positives n'ont élé ren- 
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contrées que chez des sujets dont l’adénite évoluait depuis au moins six 
semaines, et qu’elles accompagnent le plus souvent une adénile suppurée 
(14 cas sur 20); ils n’ont observé de réactions posilives & un taux ‘levé 
que chez les sujets dont la suppuralion avail été abondante et prolonsée; 
ils indiquent enfin que la réaction disparait assez rapidement chez les 
anciens malades. Daniels et Mac Murray (57), qui ont recherché Ja réac- 
lion de déviation du complément chez 20 de leurs malades, n’ont obienu 
que 5 résultats posilifs; l'un de leurs patients avait encore une réaction 
posilive deux ans et demi aprés Ja maladie. Les autres auteurs, qui n ont 
recherché cette réaction que sur un trés pelit nombre de malades, 1 ‘ont 


eux aussi obtenu que trés peu de résultats posilifs. 


3° La ponction ganglionnaire mérile toujours d’étre pratiquée. Lors- 
qu'elle raméne du pus, elle a une trés grande valeur pour le diagnostic. 
L’aspect du pus est a lui seul évocateur : bien lié, jaune verdatre, i! sc 
distingue du pus des autres suppurations par son caractére trés visqueuy 
et filant. L’examen cytologique montre, en grand nombre, des poly 


cléaires modérément allérés; & edté d’eux, des lymphocytes et de grands 


mononucléaires clairs. L’absence de germes figurés aprés coloration at 
Gram, au Ziehl et au Giemsa, la stérilité de toutes les cultures, faites sur 
toutes sortes de milieux (milieux usuels, milieux au sang, milieux pro- 
pres & la culture du bacille tuberculeux et a la croissance des chamipi- 
gnons), Véchee des inoculations au cobaye et la souris, apportent au 
diagnostic une confirmation importante. En outre, Vévacuation du pus 
est un geste thérapeutique efficace et souvent suffisant. 


Lorsque la ponction ne raméne pas de pus, mais une goulte de suc 
ganglionnaire, lVadénogramme peut de quelque secours pour le 
diagnostic. L’étalement montre habituellement certain polymor 
phisme cellulaire (fig. 10) : prédominance de lymphocytes et de grands 
mononucléaires clairs, avec de grandes cellules macrophagiques; les 
polynucléaires neulrophiles en petit nombre, des hémohistioblastes, de: 
plasmoeytes sont souvent présents; on peut aussi y trouver de grandes 
cellules multinucléées, rappelant la cellule de Langhans, mais différen- 
tes de la cellule de Sternberg par Vabsence de monstruosités nucléaires 
\illeurs c’est un aspect plus banal d’hyperplasie Iwmphoide avec tne 
proportion élevée de grandes cellules du type réticulaire. Ainsi Vad@no- 
cramme traduit tant6t une inflammation granulomateuse, tant6ét une 
adénite subaigué, mais n’est en rien spécifique de la maladie des grffes 


de chat. 


4° La biopste ganglionnaire peut étre un élément important du ‘ia- 
gnostic : nous y reviendrons 4 propos de I’histologie. Notons ici pour le 


clinicien la valeur de la biopsie pour le diagnostic différentiel : el!c 
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permis, dans quelques cas, de rejeter les premiéres hypothéses envisa- 
odes, notamment celle d’une maladie de Hodgkin. L’existence d’un gra- 
nulome, associant Vinfiltration inflammatoire et l’hyperplasie réticu- 
laire, ou s’ordonnant en follicules, peut ¢tre trés évocatrice de la maladie 
des griffes de chat, mais n’est cependant pas spécifique; aussi lintra- 
dermo-réaction reste-t-elle indispensable. 


5° La numération globulaire et la formule sanguine sont en général 
res peu modifiées. Un hémogramme a été pratiqué chez 39 de nos ma- 
lades. Hn’y a jamais d’anémie franche : tous nos patients avaient un 
chiffre d’hématies supérieur 4 4 millions. La leucocytose est, en régle 
cénérale, peu modifiée: nous avons trouvé 6 fois un chiffre de globules 
blancs compris entre 4.000 et 6.000, 19 fois un chiffre compris entre 
6.000 et 8.000, 11 fois un chiffre compris entre 8.000 et 12.000; dans 
Irois cas seulement, la leucocytose dépassail le chiffre de 12.000. Daniels 
el Mae Murray (37) font des constatations analogues :; sur 41 numérations 
pratiquées, 5 seulement ont donné des chiffres supérieurs 4 13.000 par 
millimétre cube. De méme, sur 20 hémogrammes, Wegmann, Usteri et 
Hedinger (756) trouvent un cas de leucopénie (3.000 globules blancs), 
un cas d’hyperleucocytose (16.000), et chez les 18 autres malades un 
chiffre de leucocyles compris, entre 5.000 et 12.000. La formule est, elle 
aussi, habituellement peu modifiée, compte tenu de lage de nos mala- 
des : nous n’avons rencontré qu’une seule fois une neutropénie nette 
36°), une fois une polynucléose franche (81°), ailleurs une propor- 
tion de 50° a 75 °4 de neutrophiles et une répartition normale des autres 
types leucoeytaires. Cependant Lemaire et Debray (897), au cours d’une 
(pidémie familiale, ont trouvé chez leurs cing malades une neutropénie 
franche, avee présence de lymphocytes jeunes, monocyltoides, rappelant 
ceux qu’on rencontre au cours de la mononucléose infectieuse. 


(° La sédimentation globulaire est rarement normale, presque toujours 
aecclérée., L’indice horaire est généralement compris entre 10 et 30. Le 
chiffre de 50 est le plus élevé que nous ayions rencontré. Daniels et Mac 
Murray (39), sur 21 cas, ont trouvé 14 fois un indice compris entre 18 
ets. Weemann, Usteri et Hedinger (756) donnent des chiffres un peu 
plus faibles. 


Les diverses enquéles éliologiques ont ¢lé constamment négatives 
chez nos malades. Les réactions tuberculiniques, qu’elles aient été positi- 
ves ou négatives avant la maladie, ne sont jamais modifiées par elle; nous 
revicndrons plus loin (page 45) sur Vassociation possible de la maladie 
de- griffes de chat et d’une infection tuberculeuse. Nous avons pratiqué 
1) fois la réaction de Frei, avec l’antigéne animal de I’Institut Pasteur, 
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et n’avons jamais observé de réaction positive; tous les auteurs ont cous- 
faté la méme absence de réaction, 4 l’exception de Daniels et Mac Murray 
(32), qui signalent 1 réaction positive sur 24 injections d’antigéne viicl- 
lin. Nous avons recherché chez 10 de nos malades la réaction sérologic ue 
de Ja tularémie, chez 6 autres la réaction intradermique a la tularii 

ces examens ont ¢té négalifs; les autres auleurs, et notamment Daniels et 
Mac Murray qui ont recherché Ja réaction @agglutination chez 27 de leurs 
malades, ont eux aussi trouvé des résultats toujours négatifs, Seuls ce 
Lavergne et ses collaborateurs (77) ont observé des réactions cutance et 
s¢érologique posilives pour la tularémie chez un sujet certainement attein! 
de maladie des griffes de chat; mais ce fait n’a pas été signalé ailleurs, 
et la négativilé des essais d’inoculation de la maladie des griffes de clit 
aux rongeurs de laboratoire suffit 4 faire écarler Vhypothése @une | 

renté entre les deux affections. Nous avons pratiqué 4+ fois Vintradernio- 
réaction au filtrat de culture de Pasteurella, le résultat en fut négatit 
De méme ont toujours ¢lé négatives, chez nos patients et chez ceuy 
des autres auteurs, les réactions sérologiques de la mononucléose infec 
lieuse, et de la syphilis (4 Vexception Gun malade de Daniels et Mic 
Murray (37), ancien syphilitique, et d’un jeune malade de Bennett ct 
Melton (6) qui aurait eu une fausse réaction positive pour la syphilis. 
Enfin, les réactions culanées de Vhistoplasmose et de Ta coecidioidomniy 


cose, recherchées aux Etats-Unis, ont été également négatives. 


Diagnostic différentiel de la forme commune 


1° La maladie des griffes de chat se présente habituellement sous Vo>- 
pect d'une adénopathie régionale de moyen volume. Trois diagnostics 
sont envisagés tout d’abord : Vadénite & pyogenes communs, la tubercu- 
lose ganglionnaire, la maladie de Ilodgkin. Moins souvent on évoque ui 
tumeur maligne du ganglion, un lymphome giganto-folliculaire de Brill- 
Symmers; exceplionnellement, une toxoplasmose acquise. Par ailleurs, 
si ladénite est inguinale, on pensera avant tout & la maladie de Nicol:s- 
Favre. Enfin la nature ganglionnaire de la tuméfaction peut n’étre jis 
évidente lorsque son siége est atypique, et on a pu parfois envisager vn 


kyste, un abcés de nature mal déterminée, ou une tumeur d’autre © 


gine. 


L’adénite a pyogenes communs est la plus habituelle des causes dcr- 
reur, chez enfant surtout. Certes l'association d’une adénile région: le 
i une pyodermite ou & une suppuration des muqueuses laisse peu 
place au doute. Mais la porte d’entrée culanéo-muqueuse peul n’¢tre pls 
visible ou étre aussi minime que la lésion cutanée d’inoculation de 
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maladie des griffes de chat. Surtout Vadénite a pu étre « refroidie » par 


iy un traitement antibiotique local ou général, et prend alors une allure 
|. subaigué, cependant que Vhémogramme redevient normal et que la 
1e ponction raméne un pus slérile aprés traitement antibiotique, la sté- 
rililé duo pus mest plus un argument valable pour le diagnostic de 
el maladie des griffes de chat. Enfin les trainées de Iymphangile qui accom- 
rs habituellement Vadénite aigué pyogenes communs et n’exis- 
le lent pas dans la maladie des griffes de chat sont an bon élément de dia- 
el enostie, mais peuvent avoir disparu apres traitement. C’est dire combien 
at le diagnostic peut diffieile dans le cas, aujourd’hui fréquent, ott 
S, une adénite a été trailée par un antibiotique sans que sa cause ait été 
lout @abord préeisée. Dans certains cas difficiles, nous n’avons pu affir- 
mer le diagnostic que sur le double critére dune intradermo-réaction 
0- positive chez Je malade et de la valeur antigénique de son propre pus, 
if. employvé aprés tyndallisation chez des malades que nous savions réagir 
i lantigene de Ja maladie des griffes de chat. 
c Hest facile, quand les réactions tuberculiniques sont négatives, d’éli- 
miner la possibilité dune adénite tuberculeuse : toute adénite subaigué, 
; fistulisée Ou non, évoque alors en premier lieu la maladie des griffes de 
chal. Lorsqueau contraire le malade réagit la tuberculine, le diagnostic 
, est tout @abord plus délicat; mais Vabsence de bacilles tuberculeux aprés 
cullure sur milicux appropriés et inoculation au cobaye, Vévolution géneé- 
ralement rapide de la maladie des griffes de chat et sa guérison sans cica- 
confirment bientét les données de Vintradermo-réaction spécifique. 
Lia maladie de Hodgkin est souvent envisagée en présence (une adéno- 
pilhie (apparition récente, sans caractéres netlement inflammiatoires, 
sinus fuetuation, Lorsque la maladie des griffes de chat s’accompagne 
dune onde fébrile, Vasthénie, polynucléose modérée, il est diffi- 
cile de se prononcer, Seule la recherche attentive lésion @inocula- 
lion et la pratique systématique de Vintradermo-réaction spécifique per- 
metlent @éviter une erreur lourde de conséquences, Cetle erreur avail 
_ conmmise chez Pun de nos malades (Obs. 57) : cet homme de 33 ans avail 
presenté en 1948 une adénopathic axillaire droite avee fiévre et amaigris- 
- semont; & da suite dune biopsie, le diagnostic de maladie de Hodgkin 
avail porté dans un service hospitalier parisien, et le malade avait 
traité par Ja colchicine. En 1953, aprés quatre années de santé par- 
faile, ce malade consulla MM. J. Bousser et G. Mathé, et nous ful adressé 
r- per eux pour intradermo-réaction de la maladie des griffes de chat : sa 
le roclion est encore fortement positive. Le malade se souvient d’avoir été, 
le i | époque, griffé aux mains par son chat familier. L’absence de toute 
is hovwvelle adénopathie apporte une confirmation de plus a ce diagnostic 
ispectif; nous n’avons malheureusement pu retrouver la piece histo- 
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logique. Ce cas n’est certainement pas unique, et les deux maladies ont 
cerlaines analogies histologiques sur Jesquelles nous reviendrons. 
invite & envisager sous un jour nouveau cerlaines observations conniues 
de lymphogranulomatose maligne guéries aprés exérése ganglionnaise, 
et a inclure Vintradermo-réaction de la maladie des griffes de chat parimi 
les examens & praliquer avant d’affirmer lexistence d'une maladic lc 
Hodgkin histologiquement incertaine. 


contraire, le diagnostic des tumeurs malignes ganglionnaires, 
comes ou tumeurs mélastaliques, offre peu de difficultés, tant Ta rapide 
croissance de ces tumeurs ou leur dureté sont caractéristiques. Nous avers 
cependant da redresser une fois une telle erreur de diagnostic, chez wn 
sujet dont Vadénopathie, uleérée, laissait: saillir un bourgeon charnu, 
friable et saignant & travers Puleération. L’image histologique ne perme! 


pas le doute. 


Le lymphome giganto-folliculaire malin ou maladie de Brill-Symmers 
peut se présenter sous la forme dune adénopathie localisée, ferme ct 
élastique, sans signes eénéraux, sans modifications de Vhémogramiic 
Seules l’évolution vers la chronicité, la généralisation avec splénomég: lic 
ou da dégénérescence maligne, et surtout la biopsie ganglionnaire por- 


mettent le diagnostic. 


La lymphogranulomatose inguinale de Nicolas et Favre peut étre elini- 
quement semblable 4 la maladie des griffes de chat dans ses localisations 
inguinales, et nous avions cru jadis 4 Ja possibililé dune identité ces 
deux maladies. Sans notion dinoculation ni porte d’entrée visible, toute 
adénite inguinale chez un adulle évoque ce diagnostic et les erreurs coim- 
mises ont permis la deseription de formes pseudo-vénériennes de la mia- 
ladie des griffes de chat: nous y reviendrons. Les réactions intrader 
miques rectifient le diagnostic : pratiquée chez 15 de nos malades et 
chez 40 malades dont les olsservations ont 16 rapportées, Ja réaction de 
Frei est négative dans la maladie des griffes de chat. Inversement, !es 
sujels alteints de maladie de Nicolas-Favre ne réagissent pas a Vantig¢ne 
de la maladie des griffes de chat. Un seul de nos malades (Obs. 52) avuil 
légerement réagi a Vantigeéne de Frei; aprés dilution des antigénes, il ne 
réagissail plus qu’avee celui de la maladie des griffes de chat; nous avons 
cependant pu affirmer le diagnostic, Venfant ayant d'une part présen!¢ 
des réactions intradermiques positives 4 Vinjection de diverses protéines, 
el son pus ayant d’autre part déterminé des réactions positives spévi- 
fiques chez d’aulres malades atleints d’adénite des griffes de chat. Rapye- 
lons enfin que Daniels et Mac Murray signalent une réaction positive 
sur 24 tests culanés Vantigéne dorigine vitelline. Ce fail exceptionne! 


-et non interprété par les auteurs ne nous parait pas suffisant pour 
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i litre d’exemple, le malade de Daniels ect Mac Murray dont Vadénite 
sous-mentale simulait un kyste thyréoglosse. 


envisager d’autres diagnostics : tularémie, pasteurellose, sodoku, mycose. 


le lapin, rarement le chat, elle comporte, dans sa forme culanéo-ganglion- 


lcbrile avee des frissons. La lésion cutanée est, en régle générale, de petite 


de chat aigués, hyper-pyréliques, et inversement des formes mineures 


d 


ques cas de maladie des griffes de chat sont signalés chez des sujets en 


| 


vend un aspect inflammatoire et se prolonge par une trainée lymphan- 


— 


ire admettre l’existence d’une sensibililé croisée entre les deux mala- 


La toroplasmose aigué, acquise, du grand enfant ou de Vadulte est 

ns doute un diagnostic d’exception; elle déltermine le plus souvent une 
nlumescence pluriganglionnaire hautement fébrile. Signalons cepen- 
lint une observation de toxoplasmose a forme monoganglionnaire [(Arms- 
rong el Mac Murray (4)], qui avail pu faire envisager tout d’abord une 
naladie des griffes de chat. 


enfin, si le siége ganglionnaire de la tuméfaction n’est pas certain, on 
levra discuter la possibilité d’une suppuration chaude ou froide d’autre 
vigine, ou d’une tumeur bénigne ou maligne d’un autre organe : cilons, 


Les adénopathies cervicales suppurées dues au Diplococcus crassus 
Chevallier, Christol et Desvignes [23]) sont d’allure plus aigué que la 
naladie des griffes de chat; la mise en évidence du germe permet de les 
dentifier, 


2° Tassociation Vadénite d’une Iésion culanée @inoculation fait 


La fularémie doit toujours ¢tre envisagée : transmise par le li¢vre ou 
wire, une incubation de quelques jours, un début aigu et hautement 
ile, Vadénite franchement aigué, Mais il existe des maladies des griffes 
e tularémie; Ja tularémie a pu suecéder 4 une morsure de chal, et quel- 


ontacl avee un rongeur. Aussi les réactions culanées et sérologiques des 
ux affections permettent-elles seules le diagnostic. Les réactions de la 
lilarémie se sont montrées négatives chez seize de nos malades; nous 
ons déja indiqué (voir page 38) que de Lavergne et ses collaborateurs 
al oblenu une réaction positive 4 Vantigéne de Ja maladie des griffes de 
hat chez un tularémique, mais que ni Vexpérience des autres auteurs 
les caractéres biologiques de Ja maladie des griffes de chat ne nous 


raissent autoriser un rapprochement entre les deux affections. 


Les autres pasteurelloses humaines, dont J. Reilly, Fournier et Bas- 
(724) ont récemment repris la description, sont fréquemment trans- 
ses par un chat el peuvent réaliser un syndrome culanéo-ganglion- 
ire : aprés une incubation de quelques jours, la plaie d’inoculation 
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cilique, aboutissant & une adénite régionale d’allure subaigué. 
arthrites aigués des doigts peuvent survenir secondairement. Mais cs 
caracléres particuliers ne sont pas constants, et toutes les adénites régis- 
nales avec lésion dinoculation peuvent traduire une pasteurellose. Aus-i 
ne saurailt-on rejeter ce diagnostic sans avoir pratiqué une intraderm 

réaction suivant la technique de Reilly (injection intradermique 
dixiéme de ce. de filtrat de culture de pasteurelles en bouillon peptor: 
lecture aprés 24 heures). Les intradermo-réactions a la pasteurclline, pr 


liquées chez quatre de nos malades, ont élé négatives. 


Le sodoku peut exceptionnellement succéder & une morsure de cha! 
Le syndrome culanéo-ganglionnaire qu'il provoque rappelle celui de | 
maladie des griffes de chat, mais une lymphangile importante relic | 
porte dentrée culanée, siege large inflammation, & Vadénopathi: 
L’évolution est faite de poussées fébriles répétées, avec parfois recrudes 
cence des signes locaux. Un exanthéme apparait fréquemment. Le di: 
gnostic repose sur la découverte du spirochéte dans le sang ou le suc 


canglionnaire et sur Vinoculation au cobaye et a la souris. 


Les mycoses ganglionnaires accompagnent Ie plus souvent une Iésion 
culanée importante, suppurée. ka découverte des filaments mycéliens. 


leur culture sur milieux appropriés, permettent de les identifier. 


5° D’aultres affections, qui atleignent en général plusieurs groupes 


ganglionnaires, doivent enfin ¢lre disculées. 


La mononucléose infecticuse est habituellement bien différente de |: 
maladie des griffes de chat: Vatteinte pharyngée, la polyadénopathic. 
Phémogramme Ja font reconnaitre. Mais la mononucléose peul ne pro 
voquer que Vintumescence de quelques ganglions, cervicaux nolan 
ment; la maladie des griffes de chat a souvent un début fébrile et peu! 
débuter par une angine (voir plus loin : forme pharyngée). Aussi |: 
probléme que posent de tels cas n’est-il tranché que par la réaction «i 
Paul et Bunnel dune part, Vintradermo-réaction spécifique d’autre part. 


Les brucelloses peuvent aussi comporter des adénomégalies (Janbo:: 
[63]), subaigués, fermes, indolentes, non suppur¢ées, mono ou polyga! 
glionnaires. Mais le tableau clinique, la courbe thermique, laissent p: 


de place & une discussion entre les deux affections. 


La maladie de Besnier-Boeck-Schaumann peut évoluer quelque temy> 


sous Vaspect d'une adénopathie isolée : le diagnostic clinique, presq! 
impossible 4 ce stade, devient clair lorsqu’apparaissent d'autres adén: 
pathies, des manifestations cutancées, oculaires, osseuses, ou pulmon: 


res. Le diagnostic histologique (voir page 64) est difficile. 


\ 
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formes cliniques de la maladie 


On peul en distinguer quatre grands groupes : formes inapparentes, 


variantes de Ja forme commune, formes eclopiques, formes compliquées. 


Formes inapparentes 


Sins doule sont-elles rares, mais leur existence est cerlaine. J. Weill 
el P. Lévy (797) ont signalé en juin 1950 Vexistence d'une intradermo- 
reaction spécifique posilive chez la mére jeune alteint de 
maladie des griffes de chat, elle-méme indemne d’adénile. Nous avons 
fail deux fois pareille constatation : une fois (Obs. 40) chez un sujet 
indemne Wadénite mais griffé par un chat, une autre fois (bs. 44) chez 
in sujel également indemne mais appartenant & une famille touchée 
par Vafflection. Une autre observation de J. Weill chez la soeur d’un 
une observation de Ramioul (779) ot existe une Iésion cutanée 
d inoculation, sans adénile, mais avec intradermo-réaction positive, por- 
lent & cing le nombre des cas publiés. Il est done certainement possible 
Vallergie spécifique — el sens doule Vimmunité — sans 
inaladie cliniquement apparente. Ce fail, qui rapproche Ja maladie des 
eriffes de chat de bien d’autres infections, mérite d’étre souligné. Faute 
de quantités suffisantes @antigéne spécifique, nous n’avons pu encore 
dlerminer la fréquence de ces infections inapparentes chez les sujets en 


conlaelavee un chat présumé inoculateur. 


Variantes de la forme commune 


Formes évolution prolongée dans trois de nos observations 

ys. 32, 46, 74), la durée d’évolution dépasse 3 mois. Elle atleignit 
mois chez la malade de Vobservation 46 : Vexérése du ganglion sup- 
pore, pratiquée & ce slade tardif, montra une réaction inflammatoire 
encore en pleine évolution bien qu’entourée de sclérose, et ful suivie 
d- suppuration pendant encore deux semaines. La malade de l’observa- 
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lion 74 vil apparaitre une nouvelle adénopathie 4 mois aprés le début 
clinique. L’adénite du malade de Bousser (75) continuait & évoluer 9 mois 
apres le début. I faut distinguer formellement ces formes prolongé:s, 
évolulives, marquées par Vaugmentation progressive du volume 
ganglion ou par Papparition de localisations ganglionnaires nouvelles, 
des adénites suppurces enkyslées qui, nous Pavons dit (voir page 

ne guérissent qu’aprés évacualion du pus. Tout comme dans la fornie 
commune, l’évolution des formes prolongées est bénigne; mais leffi 

cilé des antibiotiques n’est pas constante, el nous avons observé u 

fois une absence totale d’action (Obs. 74) de Vauréomycine, du chile 


ramphenicol et de Vérythromycine, 


2°” Formes éruplives ; elles ne sont pas rares. Aux 18 observations deja 
publices, nous pouvons ajouler 4 cas personnels inédits. La maladie des 
vriffes de chat peut accompagnée soil érythéme noueux, soil 
dune éruplion maculo-papulo-vésiculeuse. 

Lérythéme noueur, lout signalé par J. Weill Blas (207 
au cours d'une maladie des griffes de chat typique, a été aussi rencontré 
par Thiers et Thivolet (747), Roux (728), Fontan, Verger, Martin «t 
Vérin (48), Cox (27). Dans ces cing cas, il s‘agit dun érythéme noueuy 
ivpique par le siége et les caractéres des nouures, leur évolution vers un 
stade contusiforme; il n’y manque ni la poussée fébrile initiale, ni Van- 
vine et les arthralgies transitoires. La maladie des griffes du chat) qui 
accompagne ces érythémes noueux est, elle aussi, cliniquement et biolo 
gviquement indiscutable. Aucune autre étiologie ne peut étre envisagee 
pour ces cing cas d’érythéme noueux : ni réactions tuberculiniques posi 
lives, ni administration de sulfathiazol. Il est impossible, enfin, d’ad 
mettre la simple coincidence des deux affections. Il faut done ranger J: 
maladie des griffes de chat parmi les causes ou parmi les facteurs capables 
de déterminer un érythéme noueux. 

Les éruplions maculo-papuleuses ou maculo-vésiculeuses sont plus f1°- 
nous en avons rencontré 4 cas (Obs. 13, 28, 25 et 45) eb en 
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13 autres dans la littérature. L’éruplion est variable, faite ‘Je 


quentes : 
trouvons 
macules, de papules, ou parfois de petites vésicules; elle est tantot géi 

ralisée, tantot régionale. Le plus souvent c’est une éruplion transitoiie 
un rash qui disparait en quelques heures. Ailleurs, un début aigu fébri 


une éruplion papulo-vésiculeuse, une évolution plus longue ont | 
parler d’érythéme polymorphe. Une récidive de l’éruption a été signalce. 


Mais dans tous les cas l’éruption est contemporaine du stade aigu «| 


Vadénile. 


Le probleme pathogénique que posent ces manifestations culanées 
peut encore ¢tre résolu de facon certaine. On a pu invoquer l’atteinte cvs 
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icguments par le virus de la maladie des griffes de chat. Mais il semble 
plus logique de les rapprocher d’aulres manifestations cutanées, telles 
que la réactivation de la Iésion d’inoculation lorsque se constitue l’adé- 
nile ou lorsque Vintradermo-réaction devient positive, qui semblent bien 
dive de nature allergique. Rappelons que des manifestations cutanées ana- 
logues (érythéme noueux, érythéme polymorphe) ont été rencontrées au 
cours de la maladie de Nicolas et Favre. 


+” Forme pseudo-vénérienne : B. Duperrat (44) a individualisé sous ce 
nom une adénite des griffes de chat que son caractére conjugal et sa loca- 
lisution inguinale chez le mari comme chez la femme auraient pu faire 
prendre pour une maladie de Nicolas-Favre. Siguier, Welti et Lumbroso 
(/36) ont rapporté Vhistoire de deux adénites des griffes de chat qui 
avaient été considérés comme « bubon tropical ». Enfin, dans le cas de 
Watrin (755), Vadénite inguinale accompagnait une lésion cutanée du 
prepuce, mais les réactions biologiques démontrérent qu’il s’agissail 
hien d'une maladie des griffes de chat. 


Association a une infection luberculeuse Pages et ses collabora- 
leurs (JOS) ont publié en 1951 Vobservation @un enfant atteint simulta- 
nément de maladie des griffes de chat (typique par son mode d@inocula- 
lion, ses lésiens culanée et ganglionnaire, son allergie culanée spécifique) 
et de primo-infection tuberculeuse (avec image ganglio-pulmonaire et 
virage des réactions tuberculiniques); trois mois plus tard, Vadénite aug- 
mentant & nouveau de volume, Ja ponction fit découvrir des bacilles de 
hoch. Nous avons, de notre colé, observé en mai 1950, chez une femme de 
oy ans (Obs. 20) une adénile des griffes de chat cliniquement et biologi- 
quement indisculable, dont le pus se montra slérile aprés culture sur plu- 
sicurs milieux et particuliérement sur milieu de Lowenstein; cette adeé- 
nile sembla guérir aprés quelques semaines; mais un an plus tard le ean- 
¢lion, ayant & nouveau grossi, ful retiré par un chirurgien : il contenail 
i ce moment des bacilles de Koch, qui poussérent sur milieu de L6wens- 
lein. Par contre, chez Ja petite malade de notre observation 68, les réac- 
lions cutanées a la tuberculine ont viré un mois aprés la guérison d’une 
adenite des griffes de chat authentique, mais il n’en est résullé aucune 


complication, 


Formes ectopiques 


On peut réunir dans ce groupe les formes bucco-pharyngée, oculaire, 
nisentérique, et thoracique. 


La forme bucco-pharyngée a été décrite par Mollaret, Maduro et 
vance (J07) qui ont pu rattacher & Ja maladie des griffes de chat un 
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abcés latéro-pharyngien secondairement compliqué d’adénile sous-angu- 
lo-maxillaire homolatérale, sur le triple critére d'un pus stérile, dune 
adénile histologiquement typique et d’une intradermo-réaction spécili- 
que posilive; le malade possédail un chat, mais aucune porte d’entice 
culanée Ou muqucuse ne pul ¢lre mise en évidence. Une observation aisa 
logue a élé enregistrée par Usteri, Wegmann ct Hedinger (749) amygua 
lite franche suivie dune adénile sous-angulo-maxillaire pus slérile, 
intradermo-réaction posilive; il a pas eu chez ce malade, de 
avec un chat. Une troisitme observation de ce type a été recueillie poi 
Laplane (in 8) : angine érythémateuse aigué et febrile, suivie huit jo 
plus lard d'une adénile sous-angulo-maxillaire suppurce; Ja 
pus et Ja positivilé de Vintradermo-réaction & Vantigéne de Ja maladie 
des griffes de chat permettent Je diagnostic; aucun traumatisme culaié 
ou muqueux, aucun contact animal noont retrouvés, Ene quatriéme 
observation a été publice par Daniels et Mac Murray | (57), Obs. 
début par une angine avee fievre, adéniles cervicales, intradermo-réaction 
fortement positive; la malade s’était séparée de son chat depuis un mois 


mais continuait & utiliser des coussins souillés par Purine de cet animal, 


Nous avons observé une malade chez qui Vatteinte pharyngée Chail 
parliculiérement importante (Obs. 74) M.J. \..., 17 ans, a souffert en 
février 1953 Mune angine aigué érythémateuse, avec fievre a 39°; celle 
angine a guéri en quelques jours. La malade avait élé, & Pépoque, on 
contacl un chat, mais est cerlaine de mavoir pas élé griffée. Une 
dizaine de jours aprés Vangine apparurent des adénophathies cervicales, 
i droite, puis & gauche. Deux mois plus tard, en avril 1955, devant li 
persistance et Veatension des adénopathies, le Cros-Decam pratique 
une intradermo-réaction & Vantigene de la maladie des griffes de chat, 
dont le résullat est fortement posilif; la ponction @un ganglion cervical 
droit raméne une grande quantité de pus stérile, ne contenant pas de 
B.K. Nous avons examiné cetle malade en mai 1955, 3 mois apres le 
début : les ganglions inférieurs de la chaine carotidienne droite se sont 
fistulisés; 2 gauche, il existe une adénile carotidienne basse et une volu- 
mineuse masse sous-angulo-manxilaire, toutes deux légérement fluctusn- 
tes, dont Ja ponction raméne une petite quantité de pus; enfin il existe 
une volumineuse tuméfaction de la moitié gauche du fond du pharyis, 
allongée verlicalement, non fluctuante, indolente, entrainant seulement 
une géne de la phonation (voix nasonnée). L’administration d’auréoniy- 
cine, puis de terramycine, enfin d’érythromycine, par séries dune se- 
maine, n’a pas modifié du pharynx et des ganglions. Apyrélique 
en bon état général, cette malade a conservé jusqu’au mois d’aodt 1) 
des adénites cervicales et un abeés rétropharyngé. Les abcés ganglion 
naires et la collection rétropharyngée se sont alors ouverts sponte: 
ment et évacués. A la fin d’octobre 1953, le pharynx a repris son asp c¢! 
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normal, il ne reste des adénopathies que quelques éléments cicatriciels. 
maladie a done évolué pendant sept mois. 


Dans un autre cas (Obs. 71), la notion du début par angine et la locali- 
sous-angulo-mavillaire de Vadénile, chez une enfant de 7 ans 
qui joue parfois avee un chat et réagil d Vantigéne spécifique, permet- 
lent le diagnostic de maladie de griffes de chat & début pharyngé; Vadé- 
nile a guéri dans les délais habituels. 


(est un tableau clinique trés particulier que présentent les formes 
bucco-pharyngcées. Le début aigu, f{ébrile, est celui d’une angine com- 
mune; mais apparition secondaire d'une ou de plusieurs adénites cer- 
vieales suppurées, ou abees latéro-pharyngien doit toujours faire 
penser la possibilité maladie des griffes de chat : lintradermo- 
reaction spécifique est done nécessaire en pareil cas. Sans doule la mala- 
die n’est-elle pas trés fréquente et le chiffre de six cas connus (quatre 
observalions publiées et les deux noétres) parait modeste; mais on peut 
se demander si un cerlain nombre d’adéniles des griffes de chat 4 loca- 
lisulion cervicale au cours desquelles ne peuvent ¢lre trouvées ni notion 
(inoculation ni lésion culanée initiale ne sont pas en réalilé secondaires 
i une inoculation bucco-pharyngée passée inapercue. 

Iexistence de cetle forme a porte d’entrée muqueuse a pu aider & 
montrer que le coup de griffe dun chat n’est pas nécessaire a linocu- 
lation de la maladie, Mais on remarquera que, dans quatre des six obser- 
valions connues (les nétres, celle de Mollaret et celle de Daniels) le malade 
a Clé en contact avee un chat : ce fait semble bien confirmer que le chat 
es! le porteur le plus habituel du virus. 


2° La forme oculaire : deux types de lésions doivent étre distingués : 
les Iésions (inoculation des paupiéres et celles de la conjonctive. 

Li forme palpérale n’a été signalée que quatre fois. Dans les obser- 
vations de M. Kaplan, R. Grumbach, Bouvattier et Montouchet (66), de 
Paves, Masse et Capdeville (708), de Usteri, Wegmann et Hedinger (749), il 
existe une lésion culanée rouge et infillrée d’une paupiére, et une adénile 
protragienne; dans ces trois cas, Vinoculation de la maladie est la consé- 
quence dun coup de griffe de chat. Peut-étre faut-il rapprocher de ces 
fails Vobservation de Ramioul (779), dont la malade, porlteuse d’une 
nodosité uleérée de Ja paupiére, avec intradermo-réaclion posilive a 
liantigene de la maladie des griffes de chat, n’avait ni adénile ni notion 
d tnoculation. 

a forme conjonctivale initialement décrite par Pesme et Marchand (717) 
es' plus fréquente el beaucoup plus particuliére : aux 17 cas publiés par 
Cochin et Beaumont (79), Clément, Combes-Hamelle et Meyer (25), Mme 
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Delthil (39), Kalt (65), de Lavergne, Thomas, Cordier et Algan (75), 
Lebourg, Bureau et Mme Cartier (79), Mathieu et Legros (67), Mora. et 
Lombard (102), Offret et Mme Goddé (105), Pesme et Marchand (//7), 
Peterson (in Daniels el Mac Murray), Schiff-Wertheimer, Fortier et Loi- 
sillier (757), Usteri, Wegmann et Iledinger (749), Voisin (153), Rais et 
Ben Badis (78), s’ajoule une de nos observations : 

Observation 64 : Mme L., 42 ans, recoit en aodt 1952 sur le colé gauche 
du cou un coup de griffe et sur Pail gauche un coup de patle d’un jeune 
chat de trois mois. Trois semaines plus tard, une papule rosée, qui per- 
sistera trois semaines, apparait au niveau du coup de griffe. Quelques 
jours aprés débute 4 l’a@eil gauche une conjonctivile aigué, qui respecte 
ceil droit. C’est alors qu’apparaissent un état fébrile 4 38°-39° qui durera 
15 jours en s’accompagnant d’asthénie, d’amaigrissement et deux adéno- 
pathies : une prétragienne gauche, non suppurée; lautre sous-angulo- 
maxillaire gauche, volumineuse, suppurée. L’auréomycine, administice 
tardivement, a fait cesser la fiévre et disparaitre l’adénite prétragienne et 
la conjonctivite; l’adénite cervicale a guéri aprés ponction évacuatrice. 
L’intradermo-réaction de la maladie des griffes de chat 


fortement posilive. 


Dans tous ces cas, la lésion d’inoculation est une conjonctivile. Celle- 
ci est en régle unilatérale. Dans la plupart des cas, c'est une conjonctiy ile 
folliculaire, faite d’une ou plusieurs petites saillies, situées en une portion 
quelconque de la conjonctive oculaire ou palpébrale. Autour de ces siil- 
lies existent un cedéme conjonctival, avec une vaso-dilatation importante. 
Ailleurs (Morax et Lombard [/02]) la lésion d’inoculation est beaucoup 
plus réduite, petite saillie d’allure phlycténulaire enltourée d'une zone de 
tres légére hyperémie, sans douleur ni larmoiement : aussi Moray et 
Lombard envisagent-ils l’existence de formes mineures de la conjoncti- 
vite due au virus de la maladie des griffes de chat. De Lavergne, Thoms 
et Cordier (78), qui ont praliqué la biopsie d’une de ces conjonctivi'es 
folliculaires, n'ont constaté sur le fragment de conjonctive prélevé qu'une 
infiltration lymphocytaire banale du chorion muqueux, sans lésion d il- 
lure spécifique. 


Une adénite s’associe 4 la conjonctivite. Elle est tantot prétragienne, 
tantot sous-angulo-maxillaire. Plusieurs ganglions peuvent ¢tre attein|s. 
Comme dans les autres localisations de la maladie des griffes de chat, li 
suppuralion est possible mais inconstante; |’évolution de ces adénites vst 


la méme que dans les autres localisations. 


L’association d’une conjonclivile aigué et d’une adénilte prétragienue 
n'est pas propre & la maladie des griffes de chat : elle peut aussi ¢'re 
réalisée par la tularémie, la tuberculose de primo-invasion et la syphilis 
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conjonclivale primaire, la sporotrichose et l’actinomycose, la maladie de 
Nicolas et Favre & forme oculaire. En l’absence de toute étiologie déce- 
lable, un tel syndrome ferait porter le diagnostic de conjonctivite de 
Parinaud. Rappelons que la maladie décrite par Parinaud en 1889 (171) 
ussocie une conjonclivile végélante, une adénite unilatérale, une poussée 
fcbrile avee quelques signes généraux, et qu’elle guérit spontanément en 
deux mois environ. Frappé par le contact de ses trois premiers malades 
avec des animaux de boucherie, Parinaud dénomma cette affection « con- 
jonclivile infectieuse d’origine animale »; aprés lui, d’autres auteurs 
sicnalérent chez leurs malades un contact avec un chat ou un chien 
mais ces faits demeurérent rares. 

|, éliologie des conjonctiviles de la maladie des griffes de chat n’est pas 
toujours facile & délerminer : sur un total de 17 cas, 11 comportent la 
nolion d’un contact fréquent avec un chat; notre malade a regu un coup 
de patle, le malade de Pesme a été mordu a la paupiére, les 13 autres 
nont pas signalé de traumatisme oculaire. L’on peut done penser que 
le virus, dont le chat est le porleur habituel, est inoculé 4 la conjonctive 
pur un traumatisme aussi minime que le frotlement d’une poussiére ou 
dun poil, 

Il faut rapprocher de ces fails les 9 cas de plaie cornéenne par coup de 
eriffe de chat observés par J. el S. Sédan (754). Sans doute leur allure 
clinique est-elle différente : plaie cornéenne, compliquée d’uvéile et d’at- 
leinte du corps vilré, et non pas conjonctivite; d’autre part les auteurs 
nous ont indiqué quils n’avaient rencontré que 2 fois sur 9 une adéno- 
pulhie homolatérale, d’ailleurs discréte et transitoire. Cependant J. et S. 
Sedan soulignent Ja gravilé habituelle de ces plaies par coup de griffe 
de chat (perte compléte du globe oculaire dans 3 cas, diminution impor- 
lante de Vacuilé visuelle dans 4 autres cas) et ont bien voulu nous indi- 
quer que « des blessures cornéennes absolument identiques, mais dues a 
des ongles de bébés, ou 4 des épines ou échardes de bois, ne provoquent 
puis de telles complications oculaires et gardent une évolution cornéenne 
sins participation uvéale postérieure ». Ils signalent, d’autre part, que 
li culture du vilré, praliquée dans un cas, est restée stérile. Cependant 
dans les trois derniers cas observés par eux, la terramycine, associée au 
lrvitement local par Ja cortisone, a semblé remarquablement efficace. 
Faut-il penser que les complications oculaires de ces plaies cornéennes 
élaient dues au virus de la maladie des griffes de chat ?) En absence 
d’examens biologiques, et surtout d’intradermo-réaction, il est impos- 
sille de conclure définilivement. 


La forme mésentérique de la maladie des griffes de chat a été dé- 
criie par Usteri, Wegmann et Iledinger (749) & propos de trois observa- 
lions. Chez ces trois malades, une crise douloureuse de la fosse iliaque 
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droile, avec défense musculaire chez lun, avec tuméfaction localisée de |a 
paroi chez un autre, avail fait craindre une appendicile et poser Vindi- 
cation d’une laparatomie. Tous trois avaient un appendice normal, miuis 
une adénile mésentérique, faite de plusieurs ganglions d’aspect inflai- 
matoire. L’un d’eux avail en outre sur la paroi latérale du cecum use 
tuméfaction sous-séreuse, de la grosseur d’une mandarine. Le secon:|, 
qui avail eu quelques’jours auparavant une adénopathie inguinale dis- 
crete el transiloire, présentait un cedéme du_ périloine pariétal, et une 


adénopathie au contact de Lartére hypogastrique. 


Chez ces trois sujets, Agés respecltivement de 9, 16 et 18 ans, la néga 
livilé absolue des réactions tuberculiniques a fait rejeter le diagnostic 
dadénite tuberculeuse mésentérique. La négalivilé des réactions séro} 
giques de la mélitococcie et de la tularémie et la réaction forlemen| 
positive & Vantigéne de la maladie des griffes de chat ont permis daflir- 
mer le diagnostic de maladie des griffes de chat & forme mésenlériquc 
L’examen histologique des ganglions prélevés a confirmé ce diagnos! ic 
en montrant le granulome typique de affection. 


Usteri, Wegmann et Hedinger (749) indiquent que ces trois jeunes 
malades aiment & jouer avee les chats de leur entourage. L’un d’euy a 
souvent joué avee deux chats dont Pun, malade, a dt étre sacrifié. Aucun 
deux présenté de lésion culanée dinoculation. Aussi les auleurs 
admettent-ils que ces adénites mésenlériques correspondent & une ino 
culation de la maladie par la muqueuse intestinale; la tuméfaction de la 
paroi caecale qu’ils ont observée pourrait représenter la lésion d’inocu- 
culation. Dans cetle forme comme dans la forme bucco-pharyngée de |i 
maladie, le virus, ingéré par des sujets dont cerlains vivent au conlict 
d’un chat, leur aurait été inoculé par un Iéger traumatisme de Ta miu- 
queuse. 

La fréquence réelle de la forme mésentérique est peul-clre méconnu 
Padénite mésentérique aigué est en effet fréqguemment rencontrée par |es 
chirurgiens d’enfants, et reste la plupart du temps inexpliquée lorscue 
n’existent ni appendicite, ni angine concomitante, et lorsque la tuber- 
culose peut ¢lre éliminée. L’intradermo-réaction de la maladie des g:il- 
fes de chat mérile d’étre pratiquée en pareil cas. 


4° La forme thoracique est rare aussi; il n’en existe en effet que trois 
cas connus, ceux de Charbonneau (22), Turiaf el Jeanjean (747), Mever 
el Fréour (166). Chez une malade Iégerement fébrile présentant de noin- 
breuses adénopathies cervicales bilatérales et une dyspnée, Charbonne 
découvrit une volumineuse opacilé médiastinale arrondie, probablem: nl 
ganglionnaire. Une maladie de Hodgkin fut d’abord envisagée; mais la 


biopsie d'un ganglion cervical, la constatation de nombreuses traces ‘le 
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coups de griffes de chat et Pintradermo-réaction spécifique positive per- 
mirent de rectifier le diagnostic; la guérison aprés traitement par la ter- 
ramycine en apporta une confirmation de plus. Turiaf et Jeanjean ont 
vu apparaitre, aprés quatre mois d’évolution d’une pneumonie atypique 
avec opacités hilifuges, une volumineuse adénite axillaire et une rechute 
{‘brile; association d’une réaction sérologique positive pour le groupe 
de Pornithose et d’une réaction cutanée trés fortement positive avec l’an- 
tigene de la maladie des griffes de chat, la notion de contact avec des 
chats et non avec des oiseaux, ont permis le diagnostic de maladie des 
griffes de chat & forme pneumo-ganglionnaire; le malade guérit aprés 
administration d’auréomycine. Enfin Meyer et Fréour ont observé une 
adénopathie médiastinale transitoire chez un sujet dont la seule réaction 
positive élait Vintradermo-réaction de la maladie des griffes de chat; cette 
association, comme l’indiquent les auteurs eux-mémes, n’autorise qu’une 
presomption et non un diagnostic certain. On remarquera, ici encore, 
li fréquence du contact félin, certain et répélté dans deux cas sur trois. 


Usteri, Wegmann et Hedinger (749) ont en outre décrit une forme 
pulmonaire de la maladie : ils ont observé un infillrat arrondi, juxtahi- 
laire, labile, chez un enfant fréquemment griffé par un chat et qui réagis- 
siil forlement a Vantigéne spécifique de la maladie des griffes de chat. 
Mais Vabsence d’adénite décelable, et surtout la notion chez cet enfant 
d'un asthme cliniquement et radiologiquement typique font émettre de 
sérieuses réserves sur la nature exacte de cette pneumopathie. 


Formes avec accidents neuro-méningés 


la survenue d’accidents neuro-méningés au cours de Ja maladie des 
viiffes de chat permet d’individualiser une forme tout & fait particuliére 
de cette affection, En février 1952, nous avons pu, avec S. Thieffry et 
M. Arthuis, rattacher & la maladie des griffes de chat une encéphalite 
aivué, apparue chez une fillette de quatre ans, porteuse depuis quelques 
jours d’une adénite sous-maxillaire et vivant au contact de nombreux 
chats. Nous avons publié celle observation un peu plus tard, avec I’his- 
loire d’un autre cas ¢ludié par L. Van Bogaert (Robert Debré, L. Van 
Bovaert, S. Thieffry et M. Arthuis [35]). D’autres observations publiées 
par ailleurs ont montré que ces accidents neuro-méning¢és ne sont pas 
¢\ eptionnels et ont fait connaitre des types cliniques nouveaux. [Depail- 
lai et Condat (47); Grossiord, Wimphen et Seligman (47); Jambor et 
Kivura ($2); Roget, Fau et Beaudoin (727); Stevens (759); Thompson et 
Miler (743); Usteri, Wegmann et Iledinger (749) |. Les deux observations 
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inédites, tudiées par nous avec Julien Marie et Georges Sée, et dont on 
trouvera plus loin le détail, portent 4 11 le nombre des cas connus. 


1° Caractéres généraur. 


Si la fréquence des accidents neuro-méningés liés 4 la maladie des 
griffes de chat n’est pas négligeable, il importe cependant d’exiger cevr- 
taines conditions pour en faire le diagnostic. I] ne suffit pas qu’un sujet 
atteint d’encéphalite, de myélite, de méningite réagisse & l'injection intr: 
dermique de l’antigéne spécifique : il peut en effet conserver une allergic 
cutanée résultant d’une maladie des griffes de chat ancienne, et la durée 
de cette allergie peut ¢tre, nous avons dit, d’au moins cinq ans. 


L’existence d’une adénite régionale ou la notion d’une inoculation 
par coup de griffe de chat, et la précocité d’apparilion des accidents ne: 
veux par rapport 4 linoculation ou & Vintumescence ganglionnaire, 
sont donc des arguments essentiels pour le diagnostic. Dans 7 des || 
observations signalées, les accidents nerveux sont contemporains «ec 
l’adénite. Dans deux autres observations, les accidents nerveux ont un 
début plus tardif : trois mois aprés Vadénite (Grossiord et coll. [57]. 
deux mois aprés elle (Roget et coll. [727]). Deux fois, dans l’observation 
de Usteri et coll. (750) et dans notre observation B (voir plus loin) on ne 
trouve ni notion d’inoculation ni adénite récente : le lien entre les acci- 
dents et Ja maladie des griffes de chat ne peut donc é¢tre affirmé. 


L’adénile, dans les 9 cas ot elle a été observée, ne différe pas de ce que 
l’on observe au cours des formes communes de maladie des griffes de 
chat. C’est une adénite régionale, cervicale dans un cas, axillaire chez 
4 autres sujets, inguinale dans les 4 autres cas. Elle est subaigué, peu! 
suppurer, et la ponction raméne alors un pus amicrobien. 


Aucun prodrome, aucun caractére particulier n’annoncent la survenue 
des accidents nerveux; tout au plus peut-on remarquer, dans 4 cas sur %) 
[Van Bogaert (35), Jambor (52), Stevens (139), Thompson (J43)], la fiévre 
élevée, contemporaine du début de l’adénite, et précédant les accidents. 


Aucun facteur accessoire, capable de déterminer les accidents nerve 
n’a 6lé noté jusqu’ici. L’age des malades varie de 5 4 48 ans. Seule ¢ 


11 malades étudiés, la malade de Van Bogaert (35) avait antérieureme): 
souffert d’une affection des centres nerveux, mais il ne semble y av 


aucun rapport entre la chorée de Sydenham survenue 4 12 ans, les m\ 
clonies apparues a ]’dge de 21 ans, et la névrite brachiale qui compliq: 
une maladie des griffes de chat observée & lage de 48 ans. Enfin, to 
comme dans la forme commune de l’affection, le chat apparait comm: 
le responsable le plus habituel : le contact avec un chat est trouvé 6 f 
de facon certaine; 3 fois le patient se souvient d’un coup de griffe. 
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2° Formes cliniques des accidents neuro-méningés. 


On compte, sur un total de 11 observations, six encéphalites, une affec- 
tion considérée comme thrombophlébite cérébrale, une encéphalomyélile, 
une névrite causalgique, et deux méningites. 


Les six cas connus d’encéphalite comportent notre observation prin- 
ceps publiée avec S. Thieffry et M. Arthuis (35), notre observation A 
(udiée avec Julien Marie et G. Sée (voir plus loin), et les observations de 
Jambor (62), Roget (727), Stevens (739), Thompson (743). L’atteinte de 
la conscience est constante : somnolence profonde dans un cas, coma 
complet dans les cing autres cas. Le début est brusque et se fait le plus 
souvent par une crise convulsive, localisée ou généralisée, suivie d’état 
de mal (4 fois sur 6). Des signes en foyer sont habituellement notés (4 fois 
sur 6) : hémiplégie, parésie localisée, déviation de la téte et des yeux, 
ou mouvements athétoides. Evidente cliniquement, l’atteinte cérébrale est 
wuthentifiée par Vélectro-encéphalogramme, pratiqué 5 fois sur 6: le 
lracé révéle des altérations trés importantes et diffuses, & type d’ondes 
lentes amples et généralisées, sans signe de localisation. 


lévolution de ces six encéphalites a été bénigne : dans tous les cas, 
apres deux & dix jours les mouvements anormaux et les signes localisa- 
leurs ont disparu, le trouble de la conscience s'est rapidement estompé, la 
eucrison a été spontanée et compléte. Les malades, revus quelques semai- 
nes ou mois plus tard, n’ont conservé aucune séquelle cliniquement déce- 
lable; seules les altérations électro-encéphalographiques, régressant lente- 
ment et ne disparaissant qu’en un a trois mois, témoignent encore de 
Vatteinte cérébrale. L’auréomycine, employée dans deux cas, a paru avoir 
une influence heureuse. Peut-¢tre cependant la bégnité de ces encéphalites 
nest-elle pas constante. 


le malade pour lequei a été porté le diagnostic de thrombophlébite 
intracranienne (Depaillat et Condat [47]) a présenté des signes cliniques 
analogues : crises convulsives répétées, coma, signes d’irritation pyrami- 
dale diffuse. L’électro-encéphalogramme a montré une dysrythmie lente 
diffuse, avec une prédominance localisée. Ce malade a guéri, la preuve de 
loblitération veineuse n’a pas été faite; aucun élément dans cette obser- 
vation ne permet d’affirmer ou d’infirmer I’hypothése faite par les auteurs 
dune thrombophlébite cérébrale, et 1évolution régressive aprés admi- 
nistration d’héparine laurait peut-étre été spontanément. On peut done, 
en raison des analogies cliniques, rapprocher cette observation des pré- 
ecdentes. 

|.“encéphalomyélite du malade de Grossiord (57) s’est traduite par une 
quidriplégie sans troubles sensitifs : cependant l’hyperréflectivité tendi- 
neuse, le signe de Babinski bilatéral et les troubles sphinctériens _per- 
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mettaient d’affirmer une myélite; un hoquet et une torpeur profon:le 
traduisaient Vatteinte de Vencéphale. Ce malade recut de Vauréomyci 


et guéril rapidement. 


Le syndrome névritique du malade de Van Bogaert (33) est tout di! 
rent : quelques jours aprés le coup de griffe d’un chat apparaissent ces 
adénites épitrochléennes et axillaires, puis des douleurs causalgiques «de 
tout le membre, irradiant vers l’épaule opposée; la diminution des 1 
flexes lendineux du membre atteint, le myosis et l’exophtalmie du 
coté firent reconnailre une névrile, qui dura 5 mois avant de dis} 
raitre. 

Un certain nombre d’examens ont été pratiqués au cours de ces 9 cas 
d’accidents nerveux, La ponction lombaire a montré 3 fois une réaction 
cellulaire et albumineuse modérée, sans modification du sucre et des 
chlorures; 5 fois, une hyperalbuminose discréte et isolée; 3 fois enfin, un 
liquide normal; chez le malade de notre observation initiale Ta rés: 
lion méningée, découverte au 9° jour de Ja maladie, n’avait pas encore 
disparu au 25° jour. Le fond d’ceil est normal ou trés légérement cor 
gestif. L’hémogramme est normal. Des radiographies du crane, une en 
phalographie gazeuse, n’ont pas montré d’anomalies. L’électro-encép!h: 
logramme est trés perturbé, au cours des encéphalites, et le reste pendisi! 


plusieurs semaines. 


L’intradermo-réaction 4 Vantigéne de la maladie des griffes de 
s’esL montrée franchement posilive dans les neuf cas étudiés. La réac 
lion de fixation du complément a été positive deux fois sur cing. Toutes 
les autres épreuves sont négalives : les réactions intradermiques 
tuberculine et & Vantigéne de Frei, les réactions sérologiques des bruce! 
loses, des leptospiroses, de la tularémie, de la mononucléose infecticus 
des oreillons, des encéphalomyélites équines, de la chorioméningile Iyim- 
phocylaire se sont montrées négatives dans les cas ot: elles ont été prali 
quées. Les essais d’inoculation du liquide rachidien au singe et au souri- 
ceau sont reslés sans succés, sauf dans le cas de Thompson et Miller (7/ 
oft la moitié des souris inoculées par voie cérébrale moururent, mais ©! 
Vimpossibilité d’oblenir des passages ne permit pas de conelure a |: 


présence virus. 


Des méningiles sans accidents nerveux associés peuvent sans dou'e 
compliquer la maladie des griffes de chat. Cependant, Vabsence d’adéni 
et de notion @inoculation dans Vobservation d’Usteri et coll. (750 
dans notre observation B (voir plus loin) ne permet pas de Vaffirm: 
Dans ces deux cas, Vaffection débute brusquement par une violente céph. - 
lée, de la fiévre; une raideur méningée importante est constatée el 


ponction lombaire raméne un liquide clair, contenant dans un cas 27 ¢ 
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lules (polynucléaires) par mm* et 0 g. 43 d’albumine par litre, dans 
ulre 330 cellules (60 de lymphocytes) ect 0 25 d’albumine. En 
ultre, dans notre observation, une aréflexie rotulienne et achilléenne a 
‘ constatée. C’est sur le double critére d’une intradermo-réaction forte- 


ent positive et de la négativité de toutes les autres enquétes étiologiques 


que ces méningiles aigués i liquide clair ont pu étre ratlachées a la mala- 
die des griffes de chat; mais ce diagnostic n’est que probable. 


Observations. 


On trouvera ici les observations des deux malades que nous avons élu- 


dics avee Julien Marie ct Georges Séce. 


Observation li: Roger L..., 5 ans, sans antéeédent notable, présente 
vers Je 15 aotit 1952, sur Ta face interne du genou droit, une petite lésion 
culinée couverte dune crottelle; cing jours plus tard, enfant se plaint 
de Paine gauche, et la mére y découvre une tuméfaction douloureuse du 
volume dune noix, Le 25 aodl, sans fiévre, aprés quelques prodromes, 
débule une crise convulsive droile, puis généralisée, avee perle de con- 
haissanee, suivie (un état de mal convulsif; Ta ponction lombaire ra- 
mene un liquide clair, contenant 4 éléments par mm? et 0 er. 40 dalbu- 
mine par litre. 

Le 26 aodt Venfant reste obnubilé et présente une hémiplégie droite 
avee signe de Babinski, ila 38°3. Son état s’améliore les jours suivants. 
Cependant, Je 80 aott, une poussée fébrile et quelques mouvements 


anormaux motivent Vhospitalisation. 


il existe A ce moment une macule cicatricielle due genou droit, une 

nopathie inguinale gauche modérée, une obnubilation, des signes 
dhéemiplégice droite. L’électro-encéphalogramme révéle des ondes lentes 
de 2h 4 trés amples et généralisées, done un tracé trés altéré. De 
hombreux examens sont pratiqués : ponction lombaire : 13 leucocytes, 
50 Palbumine (aprés piqdre d'un vaisseau). Hémogramme 20.000 
leneoevtes, 88° de polynucléaires neulrophiles. Fonds d’yeux normaux. 
Clichés du crane et-du thorax normaux, Réactions tuberculiniques néga- 
lives jusqu’éa 50 unités de tuberculine. Urines normales. Séro-diagnostics 
des Jeptospiroses, de la tularémie, de Vornithose-psitlacose négatifs. 
Re vction de Frei: négative. Inoculation du liquide rachidien au souriceau 
houveauené négative. Mais Vintradermo-réaction pratiquée avec deux 
de nos antigénes de la maladie des griffes de chat s’est montrée franche- 
positive. 


e lableau associant une adénite et des manifestations de souffrance 


eo Sbrale avail fait diseuter un abcés cérébral, en raison de la polynu- 


er 
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cléose. Mais Vévolution vers une guérison clinique lente et compleic, 
avee persistance pendant trois mois d’allérations électriques diffuses 
plaidait contre ce diagnostic, qu’une ventriculographie a permis d’écarter 
complétement. Il s’agit done d'une encéphalite, contemporaine d’une 
adénile; les tests cutanés permettent d’affirmer qu’il s’agit d’une mal- 
die des griffes de chat; aucune notion d’inoculation n’a cependant ¢i¢ 
trouvée; Venfant vit la campagne, mais ses parents ne se souviennes)| 
pas d'un contact avee un chat. 

Lenfant, revu récemment, ne présente aucune séquelle de cette affe: 


lion. 


kn résumé, Vassociation d'une lésion cutanée discréte, d’une adénite 
et encéphalite, Vallergie Vantigéne spécifique et la négativité des 
autres examens permettent de considérer que cet enfant de 5 ans a pré 
senlé des accidents eneéphalitiques au cours d’une maladie des griffes 


de chat. 


Observation Joseph B..., 13 ans, sans aucun antécédent notabl 
présente brusquement le 22 novembre 1952 une violente céphalée, avec 
fiévre & 38°5. Il est hospitalisé deux jours plus tard pour un syndrome 
méningé, et la ponction lombaire raméne un liquide clair, contenant! 
330 éléments par mm® (60°) de lymphocytes, de polynucléaires. 
20°, de grands macrophages) et 0 gr. 25 d’albumine par litre. Un ex: 
men neurologique attentif ne révéle qu’un seul signe : Vabolition des 
réflexes achilléens, puis rotuliens. Tl n’y avait par ailleurs ni adénile. 
ni Iésion cutanée d’inoculation, ni contact connu avec un chat. 

Cetle méningile aigué lymphocytaire associée & une aréflexie localis« 
régressa sponlanément en quinze jours; mais laréflexie persista, san- 
aucun trouble moteur décelable. Le diagnostic de poliomyélite, iniliale 
ment envisagé malgré l’absence de phase infectieuse préalable, parait peu 
probable en l’absence d’hyperalbuminorachie secondaire. De nombreux 
examens ont été pratiqués chez ce malade et sont négatifs : outre | 
examens de routine (hémogramme, hémo et coproculture, urée sanguine. 
culot urinaire, radiographie du thorax, examen des fonds d’yeux, réa 
lions tuberculiniques), les réactions sérologiques de la grippe, des pne: 
monies atypiques, de la mononucléose infectieuse, des oreillons, des le) 
lospiroses, de l’ornithose-psittacose et du virus de coxsackie, les réaction 
intradermiques de Frei et des pasteurelloses ont toutes ¢té négative- 
Seule Vintradermo-réaction pratiquée avec deux antigénes de la mal 


die des griffes de chat a été positive. 


Faut-il, de ce fait, rattacher & la maladie des griffes de chat cetle ménit 
vile aigué lymphocytaire, spontanément curable, accompagnée 
flexie rotulienne et achilléenne ? Il est impossible, en Vabsence d’adéni!: 
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ef de nolion d’inoculation, de l’affirmer; mais la négativité des autres 
investigalions rend le diagnostic probable. 

i'n résumé, découverte d’une réaction positive pour la maladie des 
criffes de chat au cours d’une méningile aigué lymphocytaire, négativité 
de toutes les investigations éliologiques, mais absence d’arguments per- 
metlant de ratlacher avec certitude ces deux faits & la méme cause. 


4° Diagnostic des manifestations nerveuses et méningées. 

lassociation d’une adénite régionale et de manifestations neuro-mé- 
ningées pose des problémes tout a fait particuliers. En dehors de la mala- 
die des griffes de chat, elle doit faire envisager une série d’hypothéses. 
La maladie de Nicolas et Favre a donné lieu & quelques rares cas d’encé- 
phalite et de myélite. Au cours de la tularémie des manifestations ner- 
veuses mineures onl élé signalées : céphalée, insomnie, prostration, carac- 
(Crisant une forme typhoide de Vaffection; une réaction méningée a été 
rencontrée de facon exceptionnelle; mais la tularémie ne semble pas 
determiner d’encéphalites ou de myélites. Quelques cas d’accidents ner- 
veux ont été ratlachés d’autres pasteurelloses. La toxroplasmose aigué, 
ucquise, peul associer une atleinte des centres nerveux et des adénopa- 
thies. Enfin et surtout, la mononucléose infectieuse entraine, de facon 
non exceptionnelle, des manifestations nerveuses d’allure variée : encé- 
phalites et méningo-encéphalites, paralysies isolées d’un ou plusieurs 
nerfs craniens ou rachidiens, polyradiculonévriles avec dissociation albu- 
mino-cytologique, méningites aigués lymphocytaires. C’est dire que tout 
accident neuro-méningé associé & une adénite doit faire pratiquer une 
réaction de Paul et Bunnel, les réactions sérologiques de la toxoplasmose 
el une inoculation & Ja souris, des intradermo-réactions a la pasteurelline, 
ida tularine, & Vantigéne de Frei et 4 Vantigene de la maladie des griffes 
de chat. 

Vabsence d’adénilte, le diagnostic éliologique de manifestations ner- 
veuses isolées devient beaucoup plus difficile, sinon impossible. Enumé- 
rons seulement les névraxiles secondaires des fievres éruptives, des oreil- 
lons, de la coqueluche et des aulres infections, les accidents nerveux 
(affections a virus telles que la erippe, Vornithose-psittacose, la chorio- 
meningite lymphocylaire, Uhépatite épidémique. Tl faut y ajouter les 
nevraxiles aigués primitives 4 virus neurotrope, actuellement exception- 
nelles en France, mais parfois rencontrées hors d’Europe. Les réactions 
srologiques ou les inoculations ne permetlent d ‘identifier qu'une partie 
seulement de ces affections. Cependant, lorsque toutes les réactions ainsi 
pr tiquées ont été négatives, il est difficile de ne pas établir un lien entre 
les accidents nerveux observés et une intradermo-réaction positive a 
Pantigéne de la maladie des griffes de chat : tel est le cas dans Vobserva- 
lion de Usteri et coll. (749) et dans notre observation B. 


po 
ne 
nal 
lil 
dle 
de 
Ou 
bie 
vol 
(| f 
d 
I 
in! 


Anatomie pathologique 


I} a peu ajouler aux premiéres descriptions histologiques de la 
J 

maladie des griffes de chat que nous avons données avec Ch. Oberling 
pour Pune de nos observations initiales (39) et qu’ont de leur cété don- 


nées Mollaret et ses collaborateurs (92 et 9.3). 


Notre documentation se compose actuellement de LL biopsies ganglion- 
naires, dont Pune nous a élé communiquée par G. Semelaigne. Nos cons- 
lalalions sont superposables celles des autres auteurs, et nolamment 
de Hedinger, dont le trés important travail (99, 60, 67) est basé sur Vétude 
de 26 biopsies ganglionnaires et de 5 biopsies culanées. On trouve en 
oulre, dans Vensemble de Ja littérature, le compte rendu de 28 autres 
biopsies ganglionnaires et de 2 autres biopsies culanées (9, 74, 22, 27, 37, 


10, 45, JT, 58, 66, 71, SO, 92, 115, 150, 151, 152, 148, 154). 


La lésion cutanée 


La lésion culanée initiale a été décrite chez Vhomme par M. Kaplan et 
Kh. Grumbach (66), De Graciansky (in Duperrat, 44), Hedinger (67). C'est 
un granulome inflammatoire subaigu, essenticllement hypodermique, res- 
peclant plus ou moins complétement le derme et ’épiderme, dépourvu de 
coracléres spécifiques : il est fait dune trame de cellules réticulaires assez 
Volumineuses, avec une infiltration essentiellement lymphocyltaire, quel- 
ques plasmocyles aulour des vaisseaux, des polynucléaires neutrophiles, 
des Gosinophiles en petit nombre. Ce granulome s ordonne habituellement 
en follicules, dont le centre est parfois nécrotique, et ott peuvent appa- 


riitre des cellules géantes du type Langhans. 


ne lésion conjonctivale dinoculation de la maladie des griffes de 
chat, examinée par De Lavergne, Thomas et coll. (738), n’a révélé qu’une 


insiltration lymphocytaire diffuse, sans structure définie. 
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Les lésions ganglionnaires 


Caracléres macroscopiques. — L’ablation chirurgicale d'une acdeé- 
nite des griffes de chat permet le plus souvent de découvrir plusieirs 
ganglions hypertrophiés : un ganglion principal, dont la taille atteint 
communément celle d’une noix et souvent la dépasse largement, entouré 
de deux a quatre ganglions plus pelils, avec une réaction de périadénite. 
Le ganglion principal, lorsqu’il est suppuré, est souvent réduit a Tétit 
dune mince coque fibreuse, autour d'une vaste poche de pus; Veffraction 
de celle coque donne lieu des fusées purulentes en toutes directions 
Il est fréquent aussi de découvrir, wu centre dun ganglion qui sembluil 


ferme, une ou plusieurs poches de pus. 


Cet aspect est assez caractéristique. Avec A. Arviset, qui a opéré plu- 
sieurs de nos malades, nous croyons pouvoir résumer ainsi les caric 
léres macroscopiques des adéniles des griffes de chat : mulliplicité des 
ganglions alleints; présence de peliles zones suppurées, fusant hors des 
vanglions et formant un clapier purulent; périadénite liche, plus facile- 
ment dissociable que la périadénile serrée des inflammations & pyogénes 


communNS. 


2° Caractéres microscopiques. — La structure du ganglion est toujours 
assez profondément remaniée : les follicules germinatifs de la corticale 
perdent leur ordonnance ou disparaissent; la prolifération d’éléments 
inflammatoires intéresse la zone centrale et le cortex; des bandes de sclé- 
rose apparaissent précocement. Souvent le processus inflammatoire c¢n- 
vahit la capsule, la dépasse et atleint Vatmosphére graisseuse périgan 
elionnaire. Il est certainement exceptionnel d’observer, comme l’ont fil 
Waters ef ses collaborateurs (254), une simple hyperplasie ganglionnats 


nous n’avons pas nolé cet aspect. 


Des lésions de plusieurs types coexistent généralement dans un méme 
ganglion ou dans plusieurs ganglions voisins : on peut les considé:er 
comme des stades successifs d'un méme processus schématique. 


\u stade initial existe surtout une hyperplasie du réticulum ganglion 
naire, sous forme de placards, faits de grandes cellules arrondies ou poly- 
gonales, & protoplasme clair, & gros noyaux pales, irréguliers, nucléolcs. 
Entre ces placards on voit des lymphocytes et plasmocytes, de rares po!) 
nucléaires. L’endothélium des capillaires est tuméfié, les cellules bo: 
dantes sont épaisses, posstdent un gros noyau clair et un protoplasie 


abondant (fig. 11). 
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Dans un deuziéme stade, \’hyperplasie ganglionnaire fait place au 
cranulome (fig. 12). Les foyers les plus typiques s’ordonnent en zones 
concentriques : 4 la périphérie, quelques travées scléreuses enserrant une 
couronne lymphocytaire mélée de quelques plasmocytes. Puis une large 
hiinde de cellules épithélioides, mal limitées, & noyaux clairs, juxtaposées 

en palissade », contenant fréquemment des cellules géantes du type 
de Langhans (fig. 15). Enfin le centre est nécrotique : nécrose acido- 
phile, semée de débris chromatiniens, secondairement infiltrée de poly- 
nucléaires plus ou moins nombreux. Entre ces follicules typiques, le 
reste du ganglion présente une juxtaposition de zones d’hyperplasie réti- 
culuire et de zones d’infiltration granulomateuse irréguliére et bigarrée. 


Le stade ultime est représenté par la confluence des foyers nécrotiques 
et par leur transformation purulente (fig. 15) : autour d’une large zone de 
suppuration persistent quelques éléments du granulome. La capsule gan- 
clionnaire est atteinte et dépassée. 

Certains détails de cette description désormais classique- nous semblent 
devoir ¢tre soulignés ou disculés : la tuméfaction des endothéliums des 
vaisseaux capillaires des ganglions est constante, précoce, durable au 
cours de Vadénite des griffes de chat; elle est présente sur l'ensemble de 
nos préparations. Par contre, Uhyperplasie réticulaire, parfois trés mar- 
quce (fig. 14), est le plus souvent discréte et peu apparente en regard de 
limportante infiltration inflammatoire. D’un bout 4 Vautre de son évo- 
lution, Ja maladie des griffes de chat réalise bien plutot une granuloma- 
lose qu'une réliculose; d’ailleurs, on le verra, les diagnostics différentiels 
i ¢voquer sont ceux des granulomes ganglionnaires (tuberculose, mala- 
dies de Hodekin et de Nicolas et Favre, tularémie) et non ceux des réticu- 
loses. Cette constatation, que nous faisions déja avec Ch. Oberling pour 
nos deux premiéres biopsies, est valable pour les suivantes. Et Hedinger 
6), qui parvient aux mémes conclusions, estime méme qu'une tuméfac- 
lion trés importante des cellules réliculaires n’évoque guére la maladie 
des griffes de chat et n'est pas en faveur de ce diagnostic. L’évolution 
vers la fibrose est précoce (fig. 16), comme nous ont montré les colora- 
lions du collagéne. En utilisant la coloration de Mallory et Vimprégnation 
i |argent, Molinari-Tosetli et Bini (97) ont montré que le réticulum 
hypertrophié subit trés rapidement Ja transformation collagéne. 


»’ Recherche des granulo-corpuscules. — Mollaret, Reilly, Bastin et 
Tournier ont décrit en mai 1951 des granulo-corpuscules intracellulaires 
4 et 100) qu’ils considérent comme liés 4 la présence d’un virus, agent 
responsable de la maladie. Ces granulations, disent les auteurs, sont 
be ucoup plus rares et difficiles & mettre en évidence chez homme que 
dons la maladie expérimentale du singe. Assez basophiles, colorées en 
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bleu violacé par le Giemsa, celles siégeraient en petit nombre dans ics 
cellules réticulaires de la périphérie des micro-abcés, dans quelques |cu- 
cocyles, ou encore dans les vesliges d’une cellule dégénérée : Mollaret ct 
ses collaborateurs assignent la méme signification & ces grains qu’aux 
corpuscules bien plus nombreux et plus acidophiles qu’ils ont rencon- 
irés dans les ganglions au cours de Ja maladie expérimentale du singe. 


Nous avons recherché de tels granulo-corpuscules dans les coupes et les 
empreintes provenant de 9 ganglions biopsiés elt dans les frotltis oblenis 
aprés ponction de 2 autres ganglions. Quatre de ces ganglions n’laics! 
pas suppurés, et avaient prélevés chez des malades miayant pos 
recu. de trailement antibioltique. Nos préparations ont été colorées 
par différentes méthodes panoptiques (May-Grunwald-Giemsa, (iem 
lent avec différenciation Valeool, Giemsa a chaud selon) Undritz 
el cerlaines par la coloration de Macchiavello. Nous n’avons 
pu mettre en évidence de granulo-corpuscules spécifiques sur nos 
préparations de ganglions humains, seuls sont visibles les gros grains 
basophiles des mastzellen, les grains réfringenls des Gosinophiles, ou, 
dans les régions en voie de nécrose, diverses formes de dégénérescence 
de ceux-ci; on y voil en oulre des macrophages chargés d’inclusions plus 
ou moins basophiles. Mais jamais ces grains n’ont Ja régularité de taille 
el de disposition qu’on observe dans les cellules infectées par les virus 
de la maladie de Nicolas et Favre ou de Vornithose : il parait done diifi- 
cile de leur assigner la méme signification. 


Nos conslatations sur les ganglions humains rejoignent celles de ta 
plupart des auteurs. Hedinger (69), sur 26 biopsies ganglionnaires, 1a 
rencontré que rarement, dans le proltoplasme des cellules réticulaires, de 
fines granulations bleues dont la signification lui parait incertaine. 
Daniels et Mae Murray (37), sur 20 ganglions examinés, signalent ayo 
rencontré une seule fois des granulations, mais n’en indiquent pas les 
caractéres. Molinari-Tosetti et Bini (97) n’en ont pas rencontré. Scvr- 
zella et Fortina enfin (230) considérent comme simples débris de phavo- 
evlose les granulations basophiles qu’ils ont apercues Vintérieur ces 
cellules réticulaires. 


Nous nmavons done pu metire en évidence de granulations spéciliques 
dans les ganglions prélevés chez des sujets ateints de maladie des griffes le 
chat. Faute d’avoir pu inoculer la maladie au singe, nous n’avons pu 
éludier les granulations décrites par Mollaret, Reilly, Bastin et Tourniec 
chez cet animal. Les granulomes cutanés que nous avons oblenus ju 
inoculation au lapin et a la souris traités par la cortisone ne contienne ul 


aucun granulo-corpuscule de ce type. Nos recherches sont done négatises 


sur ce point, 


| 


hig. 10. — Frottis oblenu apres ponction Wun ganglion (Obs. 54). 


Coloration : May Grunwald Giemsa, 


Biopsie Wun vanelion (Obs. 49). 


Detail de da peripherio follicule: en haat et a droite. un capillaire. 
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12. siopsie Wun ganglion (Obs. 67). Un follicule suppure. 


13. — Biopsie Wun ganglion (Obs, 53). Cellules géantes. 


Kia. 44. Biopsie ganglionnaire (Obs. 58). Follicule non neécrose: 
centre clair, selérose péeripheérique. 

may. 4 

Fig. 15. Biopsie ganglion, Nécrose centrale. 


Biopsie Wun 


vanclion (Obs. 46). Periadénite 
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\° Absence de spécificilé. La maladie des griffes de chat n’a pas 
de spéeificité histologique. Cerles, Varrangement du granulome, les zones 
claires d’hyperplasie réticulaire, la tendance nécrolique et suppurative, 
I, tuméfaction des endothéliums capillaires sont assez évocateurs; mais 
un lel aspect ne peut manquer de sugg¢érer d’aulres diagnostics : les ana- 
lovies histologiques de la maladie des griffes de chat avec la tuberculose, 
les maladies de Nicolas-Favre et de Hodgkin ont été soulignées en 1950 
par Pun de nous avee M. Lamy et nos collaborateurs (33) et par Mollaret 
el ses collaborateurs, puis par Duperrat (4%) et d'autres. 

Les ressemblances entre le granulome tuberculeus et le granulome de 
li maladie des griffes de chat sont généralement assez superficielles : 
cerles, la structure des follicules est un peu comparable, des cellules de 
Langhans s’observent dans Tune et Vautre affection. Mais la nécrose 
fibrinoide, riche en débris nucléaires, de la maladie des griffes de chat, 
ne ressemble pas a la nécrose caséeuse. La zone des cellules épithélioides 
est plus Varrangement palissadique plus habituel, les cellules 
inflummatoires plus bigarrées que dans la tuberculose, Nous n’avons pas 
rencontré de cas oft le diagnostic fit difficile. Mais Hedinger (60) indique 
les difficullés du diagnostic histologique de cerlaines adéniles mésenté- 
riques, el d’autre part la trés grande ressemblance entre la maladie des 
eriffes de chat et les adénites dues au B.C.G. : seule Vallergie cutanée 
permet de trancher, 

Les analogies histologiques avee Ja lymphogranulomatose inguinale 
sont cerlainement beaucoup plus ¢troites : dans la maladie des griffes 
de chat, le granulome est peul-clre un peu moins bigarré, Vhyperplasie 
rliculaire un peu plus importante, la suppuration moins riche en poly- 
nucléaires. Mais la structure générale du granulome, la disposition palis- 
sidique des cellules épithélioides, les cellules géantes, le polymorphisme 
des Gléments inflammatoires sont communs aux deux affections. Aussi 
he saurait-on compler sur la seule histologie pour le diagnostic. 


x 


{eo diagnostic avee la maladie de Hodglin est en régle générale facile. 
\ucune de nos préparations ne pourrait y faire songer. Mais nous rappel- 
lerons que le diagnostic histologique de lymphogranulomatose maligne 
ful posé a tort, en 1948, pour le malade de Pobservation 57. L’on imagine 
sis peine qu’avant la constitution des follicules, un ganglion infiltré 
diéments inflammatoires bigarrés ait pu induire en erreur. Il a d’ail- 
leurs 6té signalé dans la maladie des griffes de chat (Molinari-Tosetti ct 
Bini [97]) des cellules géantes, & noyaux groupés au centre de la cellule, 
rappelant un peu la cellule de Sternberg. Ce diagnostic important mérile 

ertaines adénites infecticuses peuvent aussi rappeler la maladie des 
eri fes de chat. Les adénites brucellosiques (6) comportent toujours une 
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hyperplasie réliculaire intense, beaucoup plus rarement des nodules de 
cellules épithélioides et géantes, jamais de nécrose. Les adénites tularé- 
miques (77) rappellent de prés la maladie des griffes de chat par Vhyper- 
plasie réliculaire, la tuméfaction des endothéliums capillaires, la prédo- 
minance lymphocytaire de Vinfiltration inflammatoire, lVexistence de 
plages nécroliques. L’infillration lymphoplasmocytaire périvasculaire de 
la syphilis ganglionnaire ne préte pas & confusion. 

Les mycoses (aclinomycose et surtout sporotrichose) peuvent constilucr 
dans le ganglion des follicules assez comparables 4 ceux de la maladie des 
vriffes de chat; mais on peut y colorer les filaments mycéliens. 

La maladie de Besnier-Boeck-Schaumann, cliniquement bien différente 
de la maladie des griffes de chat, s’en rapproche histologiquement pu 
Ihyperplasie réticulaire; mais la nécrose est propre 4 la maladie des 


criffes de chat. 


La maladie de Brill-Symmers pourrait étre évoquée lorsqu’on voit de 
volumineux nodules de cellules claires, repoussant a la périphérie une 
mince couronne lymphocylaire, avec une limite netle entre ces dew 
zones. Une image de ce genre peut exisler dans la maladie des griffes «le 
chat, comme le montre la figure 14. Les cellules réticulaires de ces nodules 
clairs sont comparables aux grandes cellules claires décrites dans les fol- 
licules géants de la maladie de Brill-Symmers (J6), encore que cette aii- 
logie soit exceplionnelle et trés imparfaite. Mais ni la sclérose la 
phérie du follicule, ni la bigarrure inflammatoire n’appartiennent au 
lymphome giganto-folliculaire malin. 


Il existe enfin des adénites inflammatoires subaigués, d’¢tiologie mil 
précisée, survenant au cours de diverses conditions pathologiques, qui 
peuvent rappeler histologiquement la maladie des griffes de chat. 


La biopsie ganglionnaire posséde donc une grande valeur d’orien!:- 
lion, mais ne peut apporter au diagnostic de maladie des griffes de chal 
d'élément décisif. L’analogie histologique avec d’autres maladies gin- 
«lionnaires est une source d’erreurs possibles; aussi Vintradermo-réaction 


est-elle dans les cas douteux, le seul critére certain du diagnostic. 
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Traitement 


souvent en quelques semaines; cetle évolution bénigne peut élre écourtée 


maladie des griffes de chat tend & guérir spontanément, le plus 


par Vemploi @antibiotiques, par la ponction, ou par le drainage chirur- 
vical de Vadénite, Les indications thérapeutiques sont parfois plus impé- 
ricuses : lorsque Vétat général est atleint, lorsque la suppuration persiste 
pendant des mois, ou s’étend & dautres ganglions, ou encore délermine 
une véne fonctionnelle importante, le traitement devient vraiment indis- 


pensable. 


Les antibiotiques 


Nous avions essayé Vauréomycine chez lun de nos premiers malades 
Obs. 8); la rapidité de la guérison chez ce sujet fébrile nous a incilé 
i en poursuivre Fusage. L’auréomycine a élé employée chez 29 des 77 
milaides de notre statistique, 4 la dose habituelle de 0 g. 05 par kilo et 
par jour et pendant des périodes de 3.4 10 jours. Son action a été le plus 
souvent favorable (24 fois sur 29) : on voit alors la fiévre cesser, l'état 


venéral s’améliorer; lorsque le traitement est précoce el que Ladénilte 


© suppure pas encore, Vévolution locale peut tourner court, la tuméfac- 
lion ganglionnaire disparaissant en quelques jours; lorsqu’au contraire 
li Suppuration existe déja, Pauréomycine ne dispense pas de la ponction 
ou du drainage mais semble accélérer lévolution. Cetle action théra- 
peulique peul n’étre que partielle : nous avons observé deux fois une 
rechule apres Vinterruplion du traitement (Obs. 20 et 25). L’action est par- 
fois nulle (3 fois sur 29) : Vauréomycine n’a pas eu d’efficacité sur une 
fii.re qui durait depuis plusieurs semaines (Obs. 58), sur une réaction 
focule et générale violente aprés intradermo-réaction (Obs. 65), sur des 
adenites cervicales multiples 4 porte d’entrée pharyngée, évoluant depuis 
des mois (Obs. 74). 

'aulres antibioltiques peuvent ¢tre ulilisés le chloramphénicol a 
donné de bons résultats & Daniels et Mac Murray (3/7); nous Vavons em- 
ployé une seule fois, avec succés (Obs. 26). La lerramycine a été conseillée 
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par Mollaret, Reilly et leurs collaborateurs (92); nous Vavons pres: rile 
deux fois, aprés échec de lauréomycine (Obs. 58 et 74), mais elle i’a 
pas ¢lé plus efficace; sans doute, ici comme dans d'autres infections, 
action de la terramycine est-elle & peu prés superposable & celle de | iu- 
réomycine. Enfin, Pérythromycine, récemment employée avee succes par 
De Gennes et ses collaborateurs (53) fut également inefficace chez la 
malade de lobservation 74. La pénicilline et la streptomycine n’ont jainais 
d’action sur la maladie des griffes de chat. 


La ponction 


C’est a la fois un geste indispensable pour le diagnostic et Tun des 
meilleurs trailements de laffection. Pratiquée avec une trés grosse 
guille, elle raméne souvent avee difficullé — un pus trés épai- ct 
irés visqueux. L’évacuation du pus est souvent suivie d’une régression 
rapide et totale de V’adénopathie, La ponction doit parfois étre répciée 


Le drainage et l'exérése 


Lorsque les antibioliques échouent, lorsque la ponclion ne permet js 
V’évacuation de la collection suppurée et que l’évolution se prolonge, le 
traitement chirurgical peut ¢tre indiqué : incision simple ou suivie de 
curetlage, ou parfois exérése globale du groupe ganglionnaire atleint. 
11 de nos 77 malades ont subi une incision avec curettage ou une ablation 
en bloe de leur adénopathie; tous ont guéri de fagon simple et rapide 


apres intervention. 


Indications thérapeutiques 


Pour une maladie des griffes de chat du type commun, c’est a /a 
ponction exploratrice ou évacuatrice qu’on aura recours tout d’abo:d. 
Si aprés évacuation du pus les masses ganglionnaires diminuent de \0- 
lume et si le malade est apyrétique, l’expectative doit étre conseillée. \u 
contraire la persistance de l’adénite ou de la fiévre rend nécessaire «in 
traitement antibiotique de 5 4 10 jours. L’intervention n’est généralem: 11! 
envisagée qu’aprés échec de la ponction et des antibiotiques : elle «+! 


alors le seul traitement efficace, comme nous l’avons vu avec G. Sen.e- 
laigne chez l’enfant de l’observation 58 et comme le signale Denecl 1! 
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f/. On peut cependant opérer d’emblée les adénites suppurées que la 
ponclion n’a pu évacuer, afin d’éviter leur fistulisation. 


traitement antibiotique est indispensable dans certains cas (formes 
prolongées, formes oculaires, abdominales ou thoraciques, surtoul acci- 
denis neuro-méningés) : on doit alors Vinstituer sans retard, aux doses 
maximum habituelles (c’est-a-dire 0 gr. 05 d’auréomycine, de terramy- 
cine, ou de chloramphénicol par kilogramme de poids), et le continuer 
pendant deux semaines. 
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Réesume 


\prés avoir observé pendant plus de dix ans des adénites suppurées 
subaigués conséculives au coup de griffe d'un chat, nous avons pu, a par- 
lir de 1947, les identifier de facon certaine grace a l’intradermo-réaction 
specifique imaginée par Lee Foshay et en avons donné, avec M. Lamy, 
M. L. Jammet, L. Costil et P. Mozziconacci, la premiére description, sous 
le nom de Maladie des griffes de chat. Peu aprés, un nombre important 
observations publiées en France, en Suisse, aux Etats-Unis et dans bien 
(auulres pays, ont confirmé, élargi et complété nos premiéres constata- 
lions. Nous reprenons ici la description de cette maladie, telle que nous 
Pont fait connaitre nos 80 observations personnelles et ensemble des 
observations publiées, dont le nombre dépasse largement 300. 


La maladie des eriffes de chat existe dans le monde entier, sous tous 
les climats, et se voit 4 tous les Ages. Le chat en est le vecteur et l’inocu- 
liteur habituel : le contact du malade avec un ou plusieurs chats est 
certain dans 83 % des eas; la maladie a été inoculée par un coup de griffe 
de cel animal dans 54 % des cas, par sa morsure dans 6 % des cas, alors 
que 13 °% des malades ont vu apparaitre leur lésion autour d’une exco- 
riition par épine, fragment de bois ou de métal, ou d’une piqure d’in- 
secte, L’existence d’épidémies familiales 4 l’origine desquelles on retrouve 
loujours un chat familier confirme encore la valeur de ces données numé- 
riques, La transmission de la maladie n’est cependant qu’incompléltement| 
connue : 17 % des malades n’ont pas eu de contact avec un chat, 27 “% 
nont pas le souvenir d’un traumatisme inoculateur. Le chat ne semble 
capable de transmettre Vaffection que pendant quelques jours ou semat- 
nes et reste lui-méme indemne. La source du virus, son réservoir naturel, 
ont pas élé trouvés. Ce réservoir doit cependant exister, comme le sug- 
vere Pobservation ici rapportée d'une endémie de 12 cas transmis en cing 
uns par les chats d’une petite commune de la banlieue parisienne. 


Kien que la maladie des griffes de chat soit certainement de nature 
infectieuse, Vagent pathogéne reste 4 identifier. Mollarct, Bailly, Bastin et 
Tournier ont indiqué que la maladie est transmissible 4 l’homme et au 
singe et qu’elle détermine inconstamment une réaction de déviation du 


complément avec l’antigene de la lymphogranulamatose inguinale. [ls 
ont enfin mis en évidence chez le singe et parfois chez Vhomme ces 
inclusions cellulaires qui Jeur paraissent traduire Ja présence de virus: 
nous n’avons pu découvrir et étudier ces inclusions sur nos coupes «de 
ganglions humains. Nous croyons qu’on ne peut étre autorisé a étalsis 
un rapprochement complet avec les virus du groupe ornithose-lymj) 
granulomatose, en raison des différences morphologiques et surtout 
Péchee des inoculations & Voouf embryonné. Nous rapportons ici 


résullat de nos propres recherches, faites & partir du pus ganglionna: 


el de ganglions prélevés un stade malheureusement déja tardif 
des cultures, sur milieux divers, des inoculations sur cultures de tissus « 
sur sac vilellin d’ceuf incuhé, échee des inoculations a divers rongeurs 
et aux singes; par contre, Vinoculation broyat) ganglionnair 
des rongeurs trailés par la cortisone nous a permis d’obtenir des Iésions 
culanées sans adénopathie satellite, transmissibles en série mais dou! 
la spécificilé n’est pas cerlaine. 

Dans sa forme typique, la maladie des griffes de chat associe une lésion 
culanée d’inoculation, une adénite régionale et des signes généraux. 
délai @incubation de Vadénite varie de deux d six semaines. Plusieurs 
ganglions d'un méme groupe, axillaire le plus souvent, sont atteints, ou 
parfois deux groupes ¢lagés; de volume trés variable, ferme ou fluctuan! 
Padénite suppure dans la moilié des cas. La Iésion cutanée dinoculation 
nest visible qu'une fois sur deux, sous la forme d’une petite macule ou 
papule souvent précoce et éphémére mais susceptible de réapparaitre 
lorsque Vadénite se constitue. A ce moment aussi, il est habituel doh 
server une poussce fébrile modérée durant une dizaine de jours. L’¢ 
lution est toujours bénigne : que Vadénile disparaisse spontanément ou 
qu'elle s’évacue par une fistule dont aspect peut évoquer la tuberculo- 
la guérison est compléte en quelques semaines ou quelques mois; une 
évolution prolongée est exceptionnelle. 


Les examens histologiques sont indispensables, et seule lintradernio- 
réaction peut donner la certitude du diagnostic : injection de 1/10 de ce 
de pus dilué détermine au 3° ou 4° jour la constitution d’une papule rosce 
de diamétre égal ou supérieur 4 6 mm, parfois aussi une réaction foc: le 
ou générale. Cetle réaction est spécifique, mais peut ¢tre en défaut, cc 
qui nécessile l'emploi de plusieurs antigénes différents; elle est dural 
La réaction de déviation du complément n'est pas spécifique et n’est ps 
loujours positive. L’examen du pus amicrobien ou des frottis obtenu- 
par ponction ganglionnaire est un élément utile du diagnostic, de mén 
que la biopsie dans quelques cas. L’hémogramme est peu modifié. 


Cet ensemble de caractéres permet de distinguer la maladie des grif! 


de chat des autres adéniles subaiguée. En Vabsence de lésions cutancées 
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inoculation, Vadénite pyrogénes communs, ladénite tuberculeuse, 
les maladies de Hodgkin et de Nicolas-Favre doivent étre Gliminées d’abord, 
tumeurs ganglionnaires, la toxoplasmose acquise, le Iymphome 
vivanto-folliculaire en second lieu. Si Von observe une adénile associée 
) une lésion cutanée, on devra ¢lablir un diagnostic avec la tularémie et 
les autres pasteurelloses, le sodoku, les mycoses. Si l'on observe une poly- 
adenite enfin, la mononucléose infectieuse, les brucelloses, la maladie de 


Besnier-Boeck-Schaumann doivent étre discutées. 


ln cerlain nombre de formes cliniques sont actuellement connues. I 
existe des formes cliniquement inapparentes, des formes prolongées, des 
formes inguinales qualifiées de pseudo-vénériennes en raison de leurs 
circonstances apparition, et des adénites des griffes de chat secondaire- 
ment surinfectées par le bacille tuberculeux. Une éruption maculeuse ou 
un érythéme noueux authentique peuvent accompagner Ladénite, Sur- 
lout intéressantes sont les formes ectopiques de la maladie : forme bucco- 
pharyneée (associant une angine ou un abeés pharyingien a une adénite 
pretragienne réalisant une conjonctivite de Parinaud), forme mésentéri- 
que (adénite intra-abdominale simulant une appendicite), forme thora- 
cique (avee alleinte des ganglions médiastinaux ou avee pneumopnie aly- 
pique). Enfin les formes les plus particuliéres sont celles qu’accompa- 
enent des accidents neuro-méningés : eneéphalite, myélile, névrile, 
méningile. Ainsi se mulliplient les circonstances dans lesquelles le méde- 
cin doit songer @ la maladie des griffes de chat et demander a Vintra- 
dermo-réaction la confirmation de son hypothése. Nous précisons les eri- 
teres de diagnostic de ces formes el rappelons qu’ici comme dans la 


forme commune le chat parait étre le vecteur habituel du virus. 


examen anatomique d'une adénite des griffes de chat montre géné- 
ralement plusieurs ganglions d’inégal volume, entourés d’une_ périadé- 
nile liche et renfermant des zones de suppuration de taille variable. Au 
microscope, on voit que Larchitecture normale du ganglion disparait et 
fait place & un granulome inflammatoire juxtaposant des zones d’hyper- 
plasie réliculaire & grandes cellules claires ct des zones d’infillration par 
des cellules rondes, des polynucléaires, quelques plasmocyles; ce gra- 
nulome évolue vers la constitution de foyers nécrotiques et leur fonte 
porulente, On constate typiquement une disposition folliculaire : cou- 
ronne Iymphoplasmocytaire, zone de cellules épithélioides juxtaposées 
en palissade et mélées de cellules e¢antes de Langhans, centre nécrotique. 
Il hyperplasie réticulaire et endothéliale trés marquée et Vapparition trés 
prccoce de selérose & la périphérie du granulome doivent ¢tre soulignées. 
Mais cet aspect histologique n'est pas spécifique de la maladie des grif- 
les de chat et se rapproche d’aulres granulomes ganglionnaires (tuber- 


culose, maladies de Hodgkin, de Nicolas-Favre, de Besnier-Boeck-Schau- 
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mann, adénites infectieuses diverses et mycosiques). La lésion cutance 


(inoculation est formée dun granulome analogue celui du ganglic 
la méme hyperplasie réticulaire. 

lvaction du traitement est difficile & juger du fait de la bénignité hal 
luclle de Ja maladie. La ponction du ganglion permet d’évacuer le pus 
ef constitue le premier des trailements 4 mettre en ceuvre. Un traitement! 
antibiotique est indiqué si Vadénite ou la fiévre persistent aprés la pon 
lion : Vauréomyecine a presque toujours fait cesser la fiévre et accélé 
la guérison de Vadénite; la terramycine, le chloramphenicol, Vérythro 
mycine ont donné a d’autres auteurs des résultats analogues. L’oxéri 
chirurgicale peut ¢tre utile lorsque Vadénite résiste aux antibiotiques 


Le traitement antibiotique est toujours indiqué dans les formes ectopique- 


ou compliquées, 
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Summary 


Following the observation, during more than 10 years, of subacute 
suppurating adenitides afler cat scratches, we managed since 1947 to 
identify them with certainty with the help of the specific intradermal- 
reaction conceived by Lee Foshay. We described them first, in associa- 
lion with M. Lamy, M. L. Jammet, Lb. Costil, and P. Mozziconacei, in 
January 1950, under the name of Cat-scratch fever (Maladie des griffes 
de chat). Shortly aflerwards, many cases were reported in’ France, 
Switzerland, the U.S.A. and a large number of countries, thus confor- 
ining, widening and completing our first findings. A description is 
viven here of the disease on the basis of our 80 cases and of the whole of 


the published cases, the number of which is well over 300. 


Cat serateh fever is found throughout the world, under all climates 
and in all age sections. A cat is the usual vector and inoculating agent; 

contact with one or several cats was definitely established in 83 %, of 
the cases. In 54 % the disease was inoculated by a cat serateh, and in 
6°) by a cat bite, whereas only 13 °% of the patients developped a lesion 
around an excoriation due to a thorn, to a metal or wood fragment, or 
insect sting. The existence of familial epidemics, at the origin of which 

cal living with the family was always found, further substantiates the 
value of these statistical data. Nevertheless the transmission of the disease 
is only incompletely known; 17 % of the patients had no contact with a 
cal and 27%, failed to remember an inoculating trauma. It seems that 
Ihe cal’s transmitting capacity does not exceed several days or weeks, 
himself being not affected. The source of the virus, ils natural reservoir 
have nol been discovered, Nevertheless, there must exist a reservoir, as 
suggesteld by our report of an endemic of 12 cases transmitted «luring 


vears by the cats of a small town in the vicinity of Paris. 


\Ithough ecat-scratch fever is certainly of infectious mature, the cau- 
~ilive pathogen has not so far been identified. Mollaret, Reilly, Bastin 
nd Tournier, have reported that the disease can be transmitted to men 
nd monkeys and that it may unconstantly give a complement deviation 
with the antigen of lymphogranuloma venereum. These authors demons- 


\ 
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lrated the existence in monkeys and sometimes in men of cellular inely 


sions bearing evidence, in their opinion, of the existence of a virus; w 
failed to discover and to study these inclusions in our sections of human: 
Ihmph nodes. We do not think that it is permitted to establish a ful! 
relationship with the viruses of the ornithosis-lymphogranuloma ver 
reum group, because of morphological differences and chiefly of th 
failure of inoculations on embryonic eggs. We report the results of oi 
investigations carried oul with ganglionic pus and nodes taken unforty 
nately fairly late; the cullures on various media, the inoculations on 
lissue cullures and on the yolk sac of incubated eggs and ultimately t 
various rodents and monkeys failed. On the contrary, the inoculation 
of crushed nodes to rodents treated with cortisone enabled us to obtain 
culaneous lesions without adenopathies, transmissible series of ani 


mals; their specifity is not unquestionable. 


The typical form of Cat-seratch fever associates a cutaneous lesion of 


inoculation, a regional adenitis and general manifestations. The duration 
of incubation ranges from two to six weeks. Several nodes of a sam: 
group, most often the axillary one, are involved, or sometimes two con 
nected groups; the adenilis is of very variable volume, either solid o: 
fluctuating; it suppurates in 50 °% of the eases. The inoculation lesion 
is to be seen in one half of the patients, under the aspect of a small 
macula or papula, which is offen precocious and transient but muy 
appear again when the adenilis is formed. At this stage, a slight atlack 
of fever lasting about ten days, is commonly seen. The course is always 
benign. The adenitis either disappears spontaneously or the pus is eva 
cuated through a fistula possibly simulating tuberculosis; anyway, reco 
very is complete within several weeks or months, a protracted cours 
being very uncommon. 

Laboratory examinations are necessary and an unquestionable diagn 
sis must be based on a positive intradermal reaction. The injection of 
1 10 of ml of diluted pus induces the formation, 3 or 4 days later, of 
pinkish papula with a diameter of 6 mm or more, and sometimes a foc:! 
or systemic reaction, This test is specific and lasting; but some failures 
require the use of various different antigens. The complement deviatio: 
lest is not specifie and sometimes non contributory. The examination © 
the sterile pus or of ganglionic smears, obtained by punctures, is ©! 
diagnostic value, as well as the biopsy performed in several cases. Thy 
blood count in not much modified. 


On the basis of all these findings, it is possible to differentiate cat 
scratch fever from other subacute adenitides. In the absence of inocu 


lations culaneous lesions, adenitides due to common pyogenic organisms 
tuberculous adenitis, Hodgkin's disease and lymphogranuloma venereum: 
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re lo be discarded in the first place; diagnosis with ganglionic tumors, 

quired toxoplasmosis and giant follicular lymphadenopathy is more 
uncommon, If there is an adenilis associated with a skin lesion, tula- 
romia and other pasteurella infections, sodoku and mycoses will be dis- 
cussed, If there is a polyadenitis, infectious mononucleosis, brucelloses 


and sarcoidosis will be considered. 


Several clinical forms of cat-scratch disease are known at present. 
These are symptom-free forms, protracted forms, so called “pseudo- 
venereal” inguinal forms, forms with superinfection of the adenitides by 
tubercle bacilli. A maculous eruption or true erythema nodosum may 
awecompany the adenitis. Especially interesting are the ectopic forms of 
the disease: oro-pharyngeal (associating tonsillitis or a pharyngeal abscess 
with a cervieal adenilis); palpebral; conjunctival with pretragal adenitis 
assuming the aspect of Parinaud’s conjunctivilis; mesenteric (abdominal 
adenilis simulating appendicitis); thoracic (with involvement of the 
mediastinal nodes or primary atypical pneumonia). The most special 
forms are those with neuro-meningeal accidents: encephalitis, moyelitis, 
nevritis and meningitis. The number of cases, in which cat-serateh 
fever is io be suspected and the intradermal reaction resorted to, is ever 
and ever increasing. The diagnostic criteria of these forms are given 
wilh accuracy and it is reminded that in these forms, too, a cat is the 
usual carrier of virus, 

The pathological examination of a cat-serateh fever adenitis usually 
shows several nodes of different volume, circumscribed by loose peri- 
adenitis and containing areas of suppuration of variable size. The micro- 
scopic study shows the disapperance of the normal node pattern, which 
is replaced by an inflammatory granuloma with areas of reticular hyper- 
plasia with large clear cells and other areas infillrated by round cells, 
polymorphonuclears and some plasmocytes; the granuloma is later the 
seat of necrotic foci which melt into pus. Typically, there is a follicular 
siructure: Iympho-plasmocytie peripheral circle, area of epithelioid cells 
“on palissade” scattered with Langhans giant cells, necrotic centre. 
Stress is laid on the very marked reticular and endothelial hyperplasia 
and on the very early appearance of sclerosis at the periphery of the 
crantloma. This histological pattern is not specifie of cat-seratch fever 
wid is related to aspects found in other ganglionic granulomas (tuber- 
culosis, Hodgkin’s disease, sarcoidosis, Ivmpho-granuloma venereum, 
infections and mycotic adenitides.) The skin lesion of inoculation. is 
made of a granuloma similar to that of the node, with the same reticular 
hyperplasia. 

The action of treatment is difficult to appraise because of the usually 
honeficial course. A puncture of the node permits the removal of the 


76 


pus and is the first treatment to carry oul, Antibiotics shoud be used if 


the adenitis or fever outlasts the puncture; au 
«the recovery of the adenilis in nearly all 


reomycin induced the cess 
tion of the fever and accelerate 
Other authors obtained similar results with terramyein, 
If the adenilis is not cured by 
Antibiotics will be given 


treated cases. 
chloramphenicol and erythromycin, 
surgical removal may be indicated, 


antibiotics, 
in all ectopic or complicated forms. 
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Zusammenfassung 


Die von uns wiihrend mehr als 10 Jahre, subakulen, eitrigen Lympha- 
denitiden, welche nach einer halzenkratzlision auftreten, konnten seit 
1947 durch die von Lee Foshay entdeckte, spezifische, intrakutane Reak- 
tion mit Sicherheit identifiziert werden. Im Januar 1950, liessen wir in 
Zusammenarbeit mit M. Lamy, M. L. Jammet, L. Costil und P. Mozzico- 
nacei, die erste Beschreibung unter dem Namen von Katzenkratzkrankheil 
erscheinen. Kurz nachher wurden unsere ersten Beobachtungen von 
einer Anzahl von Fiillen, die in Frankreich, in der Schweiz und in den 
Vereinigten Staaten publiziert worden sind, bestiiligt, erweitert und ver- 
vollstindigt. Wir méchten hier die Beschreibung dieser Krankheit an 
und unserer 80 eigenen Fille und aller bisher publizierten Beobach- 


lungen, deren Anzahl 300 iibertrifft, wiederholen. 


Die hatzenkratzkrankheil tritt in der ganzen Welt und in jedem Klima 
auf. Sie ist auch in jedem Aller beobachtet worden. Der gewohnliche 
Triiger und Impfagent ist die Katze. In 83 °¢ der Fiille ist ein Kontakt mit 
einer oder mehreren Katzen sicher. Der Erreger wurde in 54 °, der Fille 
durch eine Katzenkratzlision, und in 16° durch einen Biss geimpft. 
In 13° der Fille trat die Anfangslision um eine kleine, von einem 
Dornstich, von einem Holz- oder Metallstiick, sogar von einem Insek- 
lenstich verursachte Wunde auf. Das Vorkommen von familiiren Epi- 
demien, deren Ursache immer eine Hauskatze ist, bestitigt noch die 
tichtigkeit dieser Angaben. Die Uebertragung der Erkrankung ist aber 
nicht vollstindig bekannt. Denn 17 °, der Patienten haben mit Katzen 
keinen Kontakt gehabt, und 27 °% erinnern sich von keiner Impfwunde. 
I. scheint, dass die Katze bloss wiihrend einiger ‘Tage bzw. Wochen 
‘ihie bleibt, die Krankheit zu iibertragen, und dass sie selbst gesund 
bleibt. Die Virusquelle und ihr natiirliches Revier konnten nicht eruiert 
‘den. Dieses muss doch existieren und eine Andeutung davon bildet 


> 


hier geschilderte Beobachtung von 12 endemischen Fiillen, die 
innerhalb 5 Jahren durch die Katzen einer kleinen Gemeinde der Pariser 


Vorstadt tibertragen worden sind. 


Obwohl die hatzenkratzhrankheil sicher infektidser Natur ist, konnte 
der Erreger noch nicht identifiziert werden. Nach den Angaben von 


om 


Mollaret, Reilly, Bastin und Tournier hGnnen Menschen und Affen mit 
der Krankheit geimpft werden. Die homplementbindungs-reaktion mil 
dem Antigen des Lymphogranuloma inguinale ist) inkonstant. Dicso 
\uloren haben weiter beim Affen und gelegentlich auch beim Menschen 
festgestellt, die sie der Anwesenheit) von Viren 
zuschreiben. Wir konnten aber auf unseren Schnitlen von menschlichen 
Lymphdriisen diese Einschlussk6rperchen nicht wiederfinden, Wir 
ben, dass cin vollstiindiger Vergleich mit den Erregern der Ornithos 

Lymphogranuloma-Gruppe wegen der morphologischen Verschiedenhie: 
len und auch hauptsichlich wegen des Misserfolges der Kulturversucl: 
auf gebriiteten Eiern nicht erlaubt ist. Es werden hier die Ergebni~ 
unserer eignenen Arbeiten wiedergegeben, die vom Driiseneiler und von 
leider in spiilen Stadien exstirpierten) Lymphdriisen ausgehen, Die hu! 
lurversuche auf verschiedenen Nihrboden, die Impfversuche auf Gew: 

bekulluren und auf dem Dotlersack von eebriiteten Kiern, und sehlic- 
lich die Lebertrangunge an verschiedenen) Nagelieren und an Affen 
alles ist-negaliv ausgefallen. Hingegen als wir einige mil Cortison 
handelten Nagetiere mit zerriebenen Lymphdriisen imptten, konnten wii 
Haullisionen ohne Begleitdriisen erzeugen, die reihenwise tibertrages 


werden konnten, deren Spezifizitil aber nich absolut sicher ist. 


In ihrer typischen Form zeigt die halzenkratzkrankheit eine Hautimy! 
wunde, eine Begleitadenitis und allgemeine Symptome. Die Inkubation- 
zeit der Lymphadenitis wechsell von zwei bis sechs Wochen. Mehrere 
Lymphknoten der gleichen Gruppe (im meisten axilliir) sind betroffen. 
oder gelegentlich auch zwei nacheinander folgenden Driisengruppe: 
Die Lymphadenitis ist von verschiedener Grosse, und ist derb oder fluh 
tuierend, Eine kiterung tritt in der Hilfte der Fille auf. Die Eintritts; 
forte ist ebenfalls nur in der Hilfte der Fille sichtbar, und sieht wie cine 
kleine, oft friithzeitige, fliichtige Flecke oder Papel aus, die aber wiede: 
zum Vorschein kommen kann, wenn die Lymphadenitis auftritt. Z01 
eleichen Zeit kann auch gewoOlinlich ein miissiger Fieberanstieg beo 
bachtet werden, der ungefiihr 10 Tage dauert. Der Verlauf ist) imme: 
culartig. Eine volstiindige Heilung tritt innerhalb einiger Wochen, bz) 
Monate auf, sei es dass die Lymphadenilis spontan verschwindet, od: 
dass sie sich durch eine Fistel entleert, die wie eine tuberkulése aussiel: 
Kin langdauernder Verlauf bildet eine Ausnahme. 

Die biologischen Untersuchungen sind unentbehrlich und eine siche: 


Diagnose kann nur mittels der intrakutanen Reaktion gestellt’ werde: 
Nach Einspritzen von 1,10 cc verdiinntes Eiter tritt am 3. oder 4. Ti 


eine rosarolte Papel mil einem Durehmesser von 6 mm oder mehr au! 
velegentlich auch mit einer fokalen oder allgemeinen Reaktion. Dies 
Hautprobe ist spezifisch, aber kann auch fehlen : daher ist es noti 
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mehrere verschiedene Antigene zu brauchen. Die Reaktion bleibt lange 
po-itiv. Die Komplementbindung ist aber nicht spezifisch und ist nicht 
immer positiv. Fiir die Diagnose hat sich die Untersuchung des abakte- 
ricllen Eiters oder der durch Driisenpunktion gewonnenen Ausstriche als 
niitzlich erwiesen, wie auch die Probe-excision in einigen Fiillen. Das 
ist nur wenig: veriindert. 


\lle diese Kriterien ermédglichen die Katzenkrazkrankheit) von den 
anderen subakulen Lymphadenitiden zu trennen. Wenn keine Eintrittsp- 
forle vorhanden ist, muss man zuerst eine durch gewohnliche Erreger 
verursachte Lymphadenilis, eine tuberkulése Driisenschwellung, den 
Morbus Hodgkin, das Lymphogranuloma inguinale (Morbus  Nicolas- 
kavre), dann die Lymphdriisengeschwiilste, die erworbene Tovoplasmose 
und ein Riesenfollikellymphoma auschliessen. Wenn eine Hauthision 
heobachtet werden kann, muss die Differentialdiagnose mit Tularaemia. 
Sodoku und Mykosen gestellt werden. Schliesslich wenn es sich um eine 
Polyadenitis handelt, muss man das Pfeiffersche Driisenfieber, die Bru- 
cellosen und den Morbus Besnier-Boeck-Schaumann in Erwiigune ziehen. 


Kine gewisse Anzahl klinische Formen sind jetzt: bekannt. Es gibt 
| Krankheitsbilder, die ohne jegliche hlinische Erscheinung verlaufen, 
langdauernde Formen, inguinale Formen, die wegen der Umstiinde, die 
ihr Auftreten begleiten, als pseudovenerisch bezeichnet worden sind, 
ferner auch sekundir mit tuberkulésen Bazillen infizierte Katzenkratz- 
adenitiden, Ein makuléser Ausschlag oder ein sicheres Erythema nodo- 
sum hOnnen die Driisenschwellung begleiten. Besonders interessant sind 
dic ektopischen Formen der krankheit Lokalisation Mund und 
(Angina oder Pharynxabzess mit einer Halsdriise), im \ugentid, 
in der Bindehaut mit preaurikuliirer Adenitis Gihnliches Aussehen wie 
eine Parinaud’sche Konjunktivilis), im Mesenteriam: (intra-abdominelle, 
Klinisch cine Blinddarmentziindunge vortauschende Adenitis), den 
Lungen (mit oder atypischer Pheumonie). 
Schliesslich cine ganz besondere Form der hrankheit ist von neuro- 
meningialen Erscheinungen begleitel : Encephalitis, Myelilis, Neuritis, 
Meningitis, So gibt es zahlreiche Gelegentheiten in welehen der Arzt an 
eine Katzenkratzkrankheit denken muss, und mil einer intrakulanen 
Reaktion seine Diagnose bestitigen muss. Die diagnostischen Kriterien 
fiir diese Kormen werden niher beschrieben und wir méchen hier noch 
erviihnen, dass die Katze in diesen besonderen wie in den gewéohniichen 
hormen als habitueller Virustrager erscheint. 

Die anatomische Untersuchung einer Katzenkratzhrankheit-Lymphade- 
hiis zeigt gewOhnlich mehrere ungleich grosse Lymphdriisen, die von 


einer lockeren Periadenitis umgeben sind und Fiterungszonen verschie- 


doner Grosse enthalten. Die mikroskopische Untersuchung ergibt ein 


6 


80 — 


Verschwinden des gew6hnlichen histologischen Bildes, das durch 
entziindliches Granulom ersetzt wird. Man sieht im gleichen Absehnitt 
einige durch grossen hellen Zellen charakterisierten Stellen Retiew- 
lumbhyperplasie, und auch Zonen, die mit rundlichen Zellen, Polyna 
Kleiiren und einigen Plasmazelien infiltriert: sind. Die Zunkunft dies. 
Granuloms ist die Bildung nekrotischer Herde und eine Eiterung. Vion 
hianw ferner eine typische, follikulire Anordnung beobachten > Ring vou 
Lymphocyten und) Plasmazellen, Epitheloidszellenzone mit) Langhian 

schen Riesenzellen gemischt, und ein nekrotisches Zentrum. Die Reti 
und Endotheliumly perplasie ist sehr ausgesprochen und das friil: 
zeitives \ultreten von einer Sklerose an der Peripherie des 
muss betont werden. Aber dieses histologisches Aussehen ist fiir dic 
hatzenkralzkrankheit nicht spezifiseh und ist anderen) Iyinphatisehen 
Grantlomen Tuberkulose, Morbus Hodgkin und Nieolas-Favre, Morbus 
Besnier-Boeck-Schaumann, verschiedene infektiOsen und mykotisehen 
Lvymphadenitiden) sehr Die) bildet) ein dei 
Lyimphadriise fihnliches Granulom, mit der gleichen Reticulumby pe: 
plasie. 

Die Wirkung der Behandbune ist schwer zu beurteilen, da die Erkran 
hong einen benignen Verlauf zeigt. Die Driisenpunktion 
ermoglicht das Eiter zu entfernen und ist die erste therapeutische Mass 
nahme die man ergreifen muss. Antibiotika sind zu brauchen, wenn cic 
Driisenschwellung oder das Fieber nach der Punktion immer noc! 
bestehen. Mit \ureomycin ist die Temperatur fast immer gesunken wid 
die Heilung der Adenitis ist beschleunigt worden. Andere Autoren haben 
vleich gute Resultate mit Terramyein, Chloramphenicol und Erythronis 
cin erreichen kénnen. Die chirurgische Exaerese hann von Nutzen sein, 
wenn die Lymphadenitis gegeniiber den Antibiotika resistent ist. Eine 
antibiotische Behandlung ist in den ektopischen und komplizierten fo. 


men immer angezeigt. 
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CHAPTER |! 


INTRODUCTION AND GENERAL 
CONSIDERATIONS 


Diabetes mellitus is a chronic disease characterised by special 
metabolic disturbances due to the production of endogenous insulin 
being insufficient to satisfy the need of the body. Hypoinsulinism 
is soon followed by disturbed carbohydrate metabolism and inter- 
feres with the protein and fat metabolism and sooner or later leads 
to essential changes in various metabolic processes of the body. 

These metabolic disturbances result in a manifold clinical picture 
of diabetes, various aspects of which have more and more attracted 
the interest of all or practically all branches of medicine. In other 
words, the problems connected with diabetes bear in some way or 
another on most medical specialities. 

One of the aspects of the disease that has received special atten- 
tion since the discovery of insulin is the prognosis and related pro- 
blems. However, despite extensive research, many prophylactic and 
therapeutic problems are still unsolved. As yet, no adequate treat- 
ment is available to prevent the late complications of diabetes, 
particularly the degenerative lesions of the vascular system. These 
vascular changes have gradually assumed the rank occupied by ke- 
tosis in the pre-insulin era, and in patients with a long history of 
diabetes it is the vascular changes that dominate the picture. 

These late degenerative changes appear above all as nephropathy 
and coronary heart disease, but other symptoms or signs of athero- 
sclerosis are also sometimes seen. Until recently, these changes were 
also held responsible for retinopathy and intercapillary glomerulo- 
sclerosis (Kimmelstiel-Wilson’s disease), which were therefore 
classed as late sclerotic complications. However, recent research 
seems to have shown that retinopathy and capillary glomerulo- 
sclerosis are not due to atherosclerotic factors. Although these di- 
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seases have much in common with arteriosclerosis, they differ in 
one essential respect, and that is the localization in the tissues in- 
volved. In Kimmelstiel-Wilson’s disease the capillaries are involved: 
intramural and intercapillary deposition of hyaline material con- 
sisting mainly of mucopolysaccharides is seen. Characteristic histo- 
logic changes develop, which can be demonstrated, snter alza, in the 
venous capillaries of the retina and in the vessels of the kidneys. 
Not until recent years has the patho-physiological process underly- 
ing these changes been the subject of systematic analysis. As yet, our 
knowledge of this evidently complex mechanism is scanty, but 
WARREN and Le COoMPTE suggested, on purely hypothetical 
grounds, that the metabolism of the polysaccharides, either simple, 
as of glycogen, or complex, as of the glycoproteins bound to the 
serum protein, plays an important rdle in the cause of certain spe- 
cific tissue changes in diabetes, LUNDBAK summarized all these 
changes, as well as some other factors in diabetes of a certain dura- 
tion, under the collective name of “long-term diabetes’. 

A number of factors have been suggested as contributing to the 
development of the above-mentioned lesions. Formerly, and still to- 
day, the duration of diabetes is regarded as the only or most im- 
portant factor in this connection. The longer a diabetic survives, the 
greater are the chances of his developing late complications, ceteris 
paribus. But the duration is not the only factor. In recent years it 
has been stressed more and more that reviews at regular intervals 
and a proper regimen can delay the development of these changes. 
The less the disease is controlled the greater are the chances of de- 
velopment of atherosclerotic changes. Many workers in this field 
have claimed that the so-called free diet in the treatment of diabetes 
implies the same as poor control. In recent years it has also been 
shown that there is a general tendency to refrain from the free diet, 
probably because of the gradual appearance of less favourable con- 
sequences. 

Diabetes has also received attention in the general discussion of 
the relationship between the level of the dietary fat and the fre- 
quency of atherosclerosis. High fat consumption, especially of fats 
rich in cholesterol, has been regarded by some as a factor of etio- 
logic importance in atherosclerosis. Lipoprotein studies and other 
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investigations argue for these factors being of true importance as 
causes of early atherosclerosis in diabetics. 

It has been suggested that the liver plays a certain part in the 
development of atherosclerosis and some authors believe this rdle to 
be of decisive importance. Satisfactory liver function is of great 
importance to the diabetic. 

In the discussion of the cause of late complications of diabetes, 
attention has also been directed to various endocrine organs. The 
factors involved are complex and here only some will be touched 
upon. According to SEYLE, in diabetes of long duration the meta- 
bolic changes are able to lead to a continuous systemic stress, and 
the response to this stress by the hypophyseal-adrenal axis might 
with time exert an unfavourable influence on the kidneys and the 
vessels. 

The problems discussed above and their importance in the etio- 
logy of late complications of diabetes were made the subject of the 
present investigation, in the hope that it might contribute to a better 
understanding of the importance of various factors in the develop- 
ment of the late symptoms. 
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CHAPTER II 


THE PURPOSE OF THE PRESENT 
INVESTIGATION 


There is still divergence of opinion on the cause of the late com- 
plications of diabetes mellitus. This lack of unanimity might be ex- 
plained, at least partly, by differences between the materials studied 
(differences in race, geographical environment, social environment, 
etc.). Other factors making comparison of series published by dif- 
ferent authors difficult are: differences in method of treatment, 
evaluation of the cases, the type of hospital from which the material 
was derived (diabetic or general clinics), unavoidable subjectivity 
of the examiner and of the evaluation of analytical findings, etc. 

In the study of long-term diabetes, it was thought that the most 
suitable procedure would be to base the investigation on an ana- 
lysis of an unselected hospital series of patients below middle age 
and to compare the results with those reported by earlier workers 
in this field. This was also possible to a certain extent. This 
then, applies xfer alia to the important evaluation of the varying 
degree of control of the diabetic disease. As to age, a certain selec- 
tion was necessary because the results obtained can be evaluated 
better in young adults. For this reason, the frequency and nature 
of cardiovascular renal complications were studied only in patients 
in whom diabetes had been diagnosed before the patients were 
forty, and, as a matter of fact, 90 per cent of these had had diabetes 
since they were thirty or even earlier. This explains why almost none of 
the patients were over fifty by the time of the review and why most 
of them were even under forty. The advantage of this relatively 
young age limit in the investigation of complications associated with 
atherosclerosis is self-evident. 

The present study was started in 1949, but many of the diabetic 
patients had been reviewed at varying intervals since 1944. As the 
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writer was attached alternately to the pediatric department, University 
Hospital, Lund, and to the medical department, Vaxjé Hospital dur- 
ing the last ten years, he had the opportunity of becoming person- 
ally acquainted with the patients included in the present series, and 
was also able personally to review a fair percentage of them. 

In the investigation it was but natural to study some of the pro- 
blems on the Vaxj6 material and others on the Lund material. In 
the Vaxj6 series, which consisted of adults, attention was concen- 
trated mainly on cardiovascular renal complications, while in Lund, 
where the clientéle consisted of children, interest was focussed on 
endocrine factors, liver function and the like. Common to both se- 
ries are the therapeutic principles applied, especially concerning the 
diet, which was one of the reasons why both the series were in- 
cluded in the present investigation. 

Both in Lund and in Vaxj6 treatment is characterized by a diet 
which does not mean any appreciable restrictions for the patient. In 
other words, it may be regarded as the same as so-called free diet. 
This has been the rule since 1940, although in Lund the carbo- 
hydrate consumption is restricted. It might be mentioned already 
now that the conception of the term free diet varies from one 
hospital to another, These questions will be dealt with in a subse- 
quent chapter: suffice it here to state that in these two series the pa- 
tients did not receive any special dietary prescriptions; the only es- 
sential prescription was restriction of sugar in the Lund material. 
As a tule, the caloric intake was ample. As far as the children are 
concerned, it was found that the restriction of carbohydrate was not 
properly observed by the patients in the Lund series, so that even as 
far as carbohydrate consumption is concerned, the diet was also 
more or less free. 

This detail in the investigation — the free diet — is thus com- 
mon to both materials, for which reason it was possible to study the 
effect of free diet on diabetes for several years. This implies, znter 
alia, that the effect of free diet could be studied from various points 
of view, e.g. whether free diet can be regarded as so-called poor 
control, the effect of free diet on the insulin reserve in recent dia- 
betes, or what free diet implies for liver function and adrenocortical 
function. 
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Liver function was studied both in adults and in children. The 
data thereby obtained were studied for any relationship between 
liver function and the occurrence of atheromatous changes. Other 
factors of importance studied were: the frequency of disturbed liver 
function in diabetes and the nature and cause of such disturbance, 
as well as the frequency of disturbed liver function in the final 
phases of diabetes complicated by Kimmelstiel-Wilson’s disease. 
Any increased fat consumption is a problem related to liver func- 
tion. High consumption of fats containing cholesterol with subse- 
quent hypercholesteremia has been regarded as a factor of primary 
etiologic importance in the development of atherosclerotic vascular 
changes. The known increased frequency of arteriosclerosis (of 
atherosclerotic type) in diabetics and, in addition, earlier than in 
non-diabetics, together with the observation that hypercholesteremia 
is much more frequent among diabetics was taken as a support of 
the correctness of this theory. This problem has been elucidated by 
a number of investigations by various teams, who have shown, /nter 
alia, that serum lipoproteins of special molecular size, with a rate 
of flotation between 12—20 (S; 12—20) in the ultra-centrifuge 
probably reflect the atherosclerotic factors. 

Various so-called lipotropic substances (lecithin, choline, methio- 
nine, inositol, etc.) have often been found to exert a favourable 
effect on hypercholesteremia and, judging by the investigations of 
BesT and co-workers, it seems possible that this effect acts mainly 
via the liver. 

Knowledge of the functional state of various endocrine organs 
in diabetics is valuable from various points of view. In the present 
study, some endocrine organs were studied in juvenile diabetics, 
especially with regard to the question as to how often endocrine 
factors might be of etiologic importance in diabetes. Diabetes of 
purely endocrine but not primarily pancreatogenic origin is rare, al- 
though some cases are on record, e.g. steroid diabetes as in Cush- 
ing’s syndrome. On the other hand, it appears not to be uncommon 
in diabetes in which the endocrine factor linked to the adrenal cor- 
tex and hypophysis has played an important réle in the manifesta- 
tion of latent diabetes. 

It is, above all, experimental diabetic research that has thrown 
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light on these questions, and knowledge of these endocrine pheno- 
mena has proved of great clinical value. 

Another question that has received attention is whether diabetes 
is to be regarded in certain cases as a disease of adaptation in the 
sense described by SEytE. The problems related to these questions 
may possibly attribute to a better understanding of a number of de- 
tails, zter alza, the appearance of degenerative vascular and other 
complications. Irrespective of the factor or factors of greatest im- 
portance in a given case for the appearance of the above-mentioned 
complications, it has been shown in the literature and in the present 
investigation that stress causes reactions which are capable of in- 
fluencing the course of late complications in diabetes. Although 
such stress factors are usually regarded as being of only secondary 
importance, such situations are occasionally encountered in which 
these factors are to be regarded as the primary mechanism of devel- 
opment (post vaccination diabetes). It is surely so that stress pheno- 
mena leading to a general adaptation syndrome of such an order as 
to influence metabolism can be of varying etiology, with the result 
that many factors must be considered in the evaluation of such pro- 
blems. Therapy, either in the form of the free diet with resultant 
pathologically changed metabolism and other factors, or the oppo- 
site, 7.e. a strict regimen with risk of hypoglycemia, might have the 
same effect as a mental strain on the diabetic and might therefore 
be far from irrelevant from the point of view of stress. 
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CHAPTER III 


DIETARY FACTORS | 


GENERAL CONSIDERATIONS ON 
NUTRITION AND DIET 


This chapter is concerned with a survey of the literature on pro- 
blems bearing on dietetic aspects in the management of diabetes. 
(Special dietetic problems concerning free diet and cholesterol fat 
factor will be discussed in chapters IV—VI.) 

The discussion of the effect of dietary measures on the course 
of diabetes might conveniently be preceded by a few general re- 
marks on normal metabolism. When calculating the normal dietary 
needs of a healthy person, it is necessary first to calculate the 
amount of carbohydrates, proteins and fat that should be included 
in the food for the caloric content of the diet to be adequate. The 
amount of calories necessary varies with such factors as age, sex, body- 
weight, stature, and physical exertion. As to physical exertion, this 
varies with occupation, but as far as children are concerned, wide 
variations must be expected. The amount of calories necessary for 
the diet to be regarded as adequate is probably the same in Western 
Europe as in U. S. A., and is generally calculated according to the 
tables worked out by Food & Nutrition Board, National Research 
Council, 1948, Washington, U. S. When setting up a diet for dia- 
betics, one should include the same foodstuffs as for a normal diet, 
but with different proportions of carbohydrates, protein and fat. As 
to what should be regarded as optimal amounts of, and the pro- 
portions between, these dietary components, opinions differ. 

The composition of a diabetic diet, or any diet whatever, is usu- 
ally based on Atwater’s simplified Rubner values (MCLESTER & 
Darby, 1952), thus 1 gram of carbohydrate and 1 gm. of protein 
yields 4 calories, and the same amount of fat 9 calories. During the 
pre-insulin period, when it was necessary carefully to calculate the 
diet, the respiratory ratio was also determined and often also the dex- 
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trose-nitrogen quotient (D/N), ze. the relationship between the 
amount of glucose and nitrogen excreted, which has been con- 
sidered as an index of the amount of protein converted into glucose. 
This ratio, which was studied above all by MINKowsKI (1893), 
was calculated by him as 2.8 and later by others, as 3.65. Despite 
the fact that the value of 3.65 is seldom recorded in human dia- 
betes, and despite the criticism directed by SOSKIN & LEVINE (1947) 
against the investigations on which this value is based, it has been 
used and is still used by many for calculating the percentages of 
dietary components. One must, however, remember that the ratio 
D/N is of limited value. 

By the investigations and calculations of LusK (1924) we have 
learned that every gram of nitrogen excreted with the urine is re- 
presentative of 6.25 grams metabolised protein. In phlorhizin-dia- 
betes or in any form of total diabetes, he found every gram of ni- 
trogen excreted with the urine to represent 3.65 gm. urinary glu- 
cose. From these fundamental studies we have learned that about 58 
per cent of all protein ingested is converted into carbohydrate or is 
available to the body as carbohydrate. This knowledge is of value 
in the calculation of diabetic diets. The entire quantity of carbo- 
hydrate plus 58 per cent of ingested protein plus 10 per cent of in- 
gested fat (glycerol) are thus available for carbohydrate meta- 
bolism..These figures, however, vary with circumstances (starvation, 
change from high-fat to low-fat diet, etc.). The figures are never- 
theless useful for calculating the approximate order of the fuel 
value or for planning the diet. In diabetes, then, if the diet is 
carbohydrate-high, it should not be too high in protein content. 

Protein also forms fat, via the action of ketogenic amino-acids, 
roughly 40 per cent. On metabolism of carbohydrate, about 30 per 
cent is transformed into fat and only about 3 per cent is converted 
to glycogen in the liver, while the rest, 7.e. about 67 per cent, is 
oxidised into CO, and H,O (STETTEN, De. W, 1946). These ob- 
servations have been made in isotope studies with deuterium. Fat 
and carbohydrate have a protein-sparing effect which LANDERGREN 
(1902) showed already in the beginning of the 20th century. By 
the study of, ster alia, STADIE (1942), we have now got quite a 
different conception of the metabolism of fat, especially concerning 
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ketogenesis and ketolysis. Earlier, the ketogenic/antiketogenic ratio 
was of great importance, because the production of ketone bodies 
was regarded as a pathologic metabolic process due, above all, to 
the simultaneous inadequacy of the oxidation of carbohydrates and 
a phrase that then became a slogan was “fats burn in the fire of 
carbohydrates’. Nowadays we know, however, that ketone bodies 
normally form from fatty acids (STADIE, 1942), especially in the 
liver, without the action of carbohydrates, and that the liver furnishes 
not only the muscles but also other tissues with these ketone bodies, 
which serve as an energy supply by oxidative transformation into 
carbon dioxide and water. These last-mentioned reactions arc 
classed under the term ketolysis, they are normal and occur to a 
certain extent in the same way in diabetes (STADIE, 1945). In the 
presence of marked or prolonged insulin insufficiency, leading to 
impaired carbohydrate metabolism, the demand for fat and protein 
for the production of energy increases. The rate of ketogenesis 
gradually exceeds the rate of ketolysis in the tissues and then there 
is incomplete fat metabolism (according to STADIE) with ketonemia 
and above all with more or less pronounced ketonuria. 

As to our knowledge of these nutritional-physiological factors in 
both normals and diabetics, especially the contributions by STADIF 
and STETTEN in their isotope research merit mention. They showed 
independently that the paths of three main components of the food, 
carbohydrates, protein and fat, when broken down in the organism, 
often cross one another in certain phases of this metabolic process. 
The keto-acids formed from carbohydrates, protein and fat, namely 
pyruvic acid, ketoglutaric acid, respectively aceto-acetic acid, here 
form a common metabolic pool, from which these substances after- 
wards enter Kreb’s tricarboxylic cycle either directly or indirectly 
after they have been split up further into “2-carbon fragments’’ (ac- 
tive acetate) and then by a compensatory process which is governed 
enzymatically by pantothenic acid, reach Kreb’s cycle as a 6-carbon 
atom tricarboxylic acid. These catabolic processes with a common 
metabolic pool and probably also common metabolic pathways have 
changed the old division of foodstuffs into separate units. Recent 
research has shown, for example, that in dietary measures in dia- 
betes it cannot be considered correct to prescribe exactly in grams 
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the various components of a diet. This does not infer that division 
into certain definite amounts of carbohydrates, proteins and fat is 
also superfluous. On the contrary, the quantities of the various pro- 
portions of the foodstuffs in a diet are probably not so well known 
as formerly supposed. However, for practical reasons, the known 
division into carbohydrate, protein and fat is still maintained. 

Dietary principles in diabetes. — The various types of diets re- 
commended during the pre-insulin period are of comparatively less 
current interest. According to our present concepts, the caloric 
supply for diabetics, in general, should be the same as for non-dia- 
betics. There is no need to assume that a diabetic requires a greater 
or smaller amount of calories than a normal person (JOSLIN, 1946, 
1952). 

As a tule, as far as adults are concerned, the patients are often 
slightly overweight at the time of the onset of diabetes (JOSLIN) 
and then 5 to 10 per cent restriction of caloric supply or more is 
perhaps desirable. In diabetic children, no such tendency to over- 
weight is seen at the onset. 

In the nomograms available (Mayo Clinic, etc.) on this subject, 
data is often given on body surface, ideal bodyweight, age, sex, 
height and weight. In the estimation of the caloric requirement of 
the diabetic child it should be borne in mind that the child is grow- 
ing. PRISCILLA WHITE (1952) gives a few standards, according to 
which the caloric requirement of diabetic children can be calculated. 
The caloric requirement is calculated as 35 calories per inch body 
height, or 100 cal/kg. bodyweight during the first year of life, 75 
cal/kg. for children up to 5 years, 50 cal/kg. between 5 and 10 years 
and 40 cal/kg. over 10 years. It is also possible to calculate the 
caloric requirement simply according to age, and then increase the 
daily allowance by 100 cal. per year. The maximum value for girls 
is about 2200 calories and for boys at most 3000 calories at puberty. 

As to the proportion between carbohydrates, proteins and fats, in 
her last composition WHITE (1952) suggested as follows: about 
40 per cent in the form of carbohydrates, 20 per cent as protein, 
while the fat content should be about 40 per cent. The difference 
between this diet and that for healthy children in WHITE’s material 
is that the carbohydrates are decreased by 10 per cent, while the 
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fats and proteins are increased by 5 per cent each. DUNCAN (1951) 
distributed the caloric requirement of the children in the following 
way: 50 per cent is given as carbohydrates, 30 per cent as proteins 
and 20 per cent as fats. 

The dietary treatment of diabetes mellitus is now carried out on 
the basis of a few different dietary principles, which may be briefly 
characterized as follows. 

In western countries, the diet is usually conservative, with a li- 
beral amount of protein, almost normal amount of carbohydrates 
and with a caloric content calculated according to special nomo- 
grams in which bodyweight, stature, square metre body surface, age, 
sex and other factors are taken into account. The main purpose is 
to control the diabetes to as practically normal metabolism as poss- 
ible. Diabetic specialists (e.g. JOSLIN’s clinic and SHERILL, 1952) 
who believe in a very strict regimen do not allow glycosuria and say 
that the fasting blood sugar levels should be normal. 

Since 1936 RABINOWITCH has recommended a diet in which the 
carbohydrate content is much above normal, up to 350—400 grams 
per day, and with an extremely small fat content. This makes this 
type of diet relatively poor in calories. With this form of diet, ac- 
cording to RABINOWITCH, favourable conditions are provided for 
maintaining good liver function and avoiding the atherosclerotic 
promoting fats. Similar therapeutic principles have been suggested 
by others, such as DUNCAN (1951, 1952). 

Finally, there is the type of diet introduced by STOLTE (1933) 
and independently by LICHTENSTEIN (1935), which is known as 
free diet. Free diet varies considerably but consists mainly of nor- 
mal diet that is not weighed or measured. In patients treated in this 
way, glycosuria and hyperglycemia are not considered so very dis- 
advantageous. This form of diet will be reverted to in a later 
chapter. 

A fourth regimen (e.g. GRAYZEL & WARSHALL, 1951), which 
is represented by those types of diet which have crystallized out of 
the three above-mentioned forms, is as follows: with such a diet, 
the patient receives various foodstuffs in a definite quantity which 
are, however, not weighed but measured, and only slight glycosuria 
is allowed. In addition, the fasting blood sugar level need not be 
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within a normal range. The carbohydrate level is perhaps a little 
higher than in the above-mentioned conservative regimen, but the 
fat is kept low and consists preferably of vegetable fats in order 
to avoid large quantities of fat substances containing cholesterol. 

It is not the intention here to give an account of the different 
special details in these various forms of diet. Suffice it to point out 
that the conservative type of diet, which has been worked out and 
described by the American Diabetes Association in co-operation 
with the American Dietetic Association and Diabetes Branch, U. S. 
Public Health Service (Caso, 1950), embraces a large number of 
standard diets and in addition this diet can, by so-called exchanges, 
be varied in several ways. 

As is apparent from the above, there is no unanimity of opinion 
concerning the most suitable diet in the treatment of diabetes mel- 
litus. This may be explained, not only by the different geographical 
and social differences, but also to a great extent by our incomplete 
knowledge of the actual effect of the food on the course of the 
disease and of the effect of the composition of the food or dura- 
tion of the disease on the complications. Such terms as good and 
poor control of diabetes are widely used in the analysis of late 
complications of diabetes and they refer mainly to the dietary treat- 
ment, although factors other than dietary are included. However, 
good control and poor control are defined differently by different 
authors, and this makes evaluation or comparison of the results 
presented by different research centres difficult. JOSLIN pointed out 
in 1952, at the International Diabetes Congress in Holland, that 
the materials from different clinics cannot with certainty be re- 
garded as comparable from a prognostic point of view, because of 
the differences, or at least lack of agreement, between what is to be 
understood as good and poor diabetic control. 
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CHAPTER IV 


DIETARY FACTORS Il 


“FREE DIET” IN THE TREATMENT 
OF DIABETES MELLITUS 


General Considerations 


There is still difference of opinion about the effect of hypergly- 
cemia on the late prognosis of diabetes mellitus. The increased 
blood sugar is generally regarded as the cause of some of the car- 
dinal symptoms of diabetes, namely thirst and polyuria, and of 
some other symptoms, such as pruritis vulvae. Some authors believe 
that treatment should aim at keeping the blood sugar within a nor- 
mal range, while those advocating a free diet consider the blood 
sugar level of minor importance. The opinions of adherents of 
restricted diet respectively free diet differ also in other respects. 

The problems can be advantageously surveyed by a retrospective 
view of the situation at the time when free diet was first considered 
as defensible in the management of diabetes, 7.e. in the beginning 
of the nineteen-thirties by STOLTE in Germany and by LICHTENSTEIN 
in Sweden. 

The strict diet applied by NAUNYN after 1886 and _ later 
modified in America by FREDRICK ALLEN on the basis of experi- 
mental and clinical research and then known as ALLEN’s under- 
nutrition therapy and PETREN’s (NEWBURGH & MarsH’s dietary 
therapy was roughly the same as PETREN’s), characterized mainly 
by an extremely high-fat, low-carbohydrate and low-protein diet, 
were widely applied until the introduction of insulin in the treat- 
ment of diabetes. After the introduction of insulin, less attention 
was directed to these types of diets, though many still thought it 
wise to restrict carbohydrate consumption despite insulin therapy. 

In the pre-insulin era it was above all the pediatricians who were 
handicapped most in the treatment of diabetes. In JosLIN’s material, 
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before 1914, children in whom the disease developed before the 
age of 10 years succumbed within 1.3 years of the onset, while by 
1951 this figure had increased to 18.8 years. Before the use of insu- 
lin in the management of diabetes, the life of the child was char- 
acterized by starvation and coma and the children often died in 
coma. Therefore, for pediatricians, insulin meant even more than 
for other physicians. However, in the treatment of diabetes in 
children, it had to be borne in mind that they were growing indi- 
viduals; this implied the necessity of satisfying a fairly large caloric 
requirement. 

Therefore, a gradually increasing caloric supply was tried by pe- 
diatricians, because carbohydrates as a source of energy — at any 
rate, rapid energy — are superior, and it is easier to keep the 
children in satisfactory nutritional condition as long as they receive 
a good supply of carbohydrates. Already in 1927, ADLERSBERG and 
PoRGES reported favourable results with a low-fat, high-carbo- 
hydrate diet alongside of the insulin treatment. 

The development of the free diet may be regarded as having 
resulted from an increase in the carbohydrate allowance and must 
therefore be regarded against the background of the experiences 
made from the introduction of insulin until the beginning of the 
nineteen-thirties. It gradually became clear that, thanks to insulin, 
the patients could be allowed fairly large quantities of carbohydrates, 
and this tempted many to try unrestricted diet, because formerly 
the restriction of fat and protein was not considered necessary. 

The first advocate of less restricted diet, STOLTE, reported good 
results already in 1927, with a high-carbohydrate diet together with 
insulin therapy, and from 1930 he applied a diet which he called 
free diet. According to this diet, the children were allowed to 
choose both the quantity and the composition of the food they 
wished to eat, the only condition being that the food should not 
deviate from that of normal healthy children. Sweets, cakes, and 
sugar were included in the diet. 

In a study from 1939, together with WOLFF, STOLTE presented 
new considerations on the free diet. He pointed out that the free 
diet is not always quite the same as so-called normal diet, an ob- 
servation also made by other authors. In view of the fact that both 
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adults and children, especially children, have a different caloric re- 
quirement and appetite, from day to day and from one meal to an- 
other, it is difficult to calculate the exact composition of the so-called 
normal diet. The type of occupation, climatic conditions and mental 
factors influence the caloric requirements and even in a normal 
family dietary habits vary. In view of these considerations, STOLTE 
realized that diet tables for diabetics could not be adjusted with 
any degree of scientific accuracy. 

STOLTE and WOLFF stressed that it was the actual appetite that 
decided the composition of the free diet in their material. According to 
them, the appetite is “an excellent signpost for food requirements’, 
and they added that “‘so kann eine wunderbare Regulation und Ge- 
genregulation rein instinktiv viel mehr leisten und vor allen 
Dingen vicl schneller und sicherer die Entscheidung in der Nah- 
rungsaufnahme treffen als irgendwelche wissentschaftlich gut 
fundierte Berechnung’’. 

A strong argument for the free diet was that it avoided the 
mental strain that restricted diet placed on the child and the parents. 

The most important consideration in the use of free diet in 
childhood diabetes was, according to STOLTE and WoLFF, the 
administration of insulin 3 times daily. In certain cases 2 injections 
were enough, while others required even 4 injections. Until then, 
STOLTE had not used any type of insulin but the regular because, 
as he himself said, he had not been able to convince a single patient 
to go over to the type with a retarded effect, despite the fact that 
several marks were available. That work was published in 1939, 
thus 4 years after HAGEDORN’s protamine insulin had become avail- 
able and 2 years after LAWRENCE & HIMswoRTH of London and 
JOsLIN of Boston had endorsed the great advantage of zinc prota- 
mine insulin. According to STOLTE & WOLFF, the reason why the 
patients refrained from the new type of insulin was that they were 
afraid that they would have to decrease their consumption of car- 
bohydrates, 7.e. that the free diet would have to be changed or 
restricted to some extent. The authors therefore concluded that their 
diabetics felt satisfied with the treatment they were receiving and 
they did not think that 3 injections a day was so very disagreeable. 
In contrast to what had been reported in the literature, STOLTE & 


WOLFF pointed out that their children were never afraid of the in- 
sulin injections. On the contrary, they even sometimes asked the 
nurses if they could have an extra injection of insulin, so that they 
might be allowed to eat more. 

STOLTE & WOLFF’s report calls for a few comments. If the free 
diet is determined regarding quantity and composition by the so- 
called natural appetite, the question arises whether insulin is not 
responsible, at least partly, for the patient’s appetite. If so, the ap- 
petite will be far from natural. Neither can one exclude the pos- 
sibility that the 3, perhaps 4, injections of insulin might mean just 
as great a mental strain on the child as a restricted diet. It seems 
remarkable that STOLTE was not able to persuade his patients to 
use the retarded types of insulin. 

LICHTENSTEIN, who, independently of STOLTE, then applied si- 
milar principles, defined his free diet as a normal diet correspond- 
ing completely to that of non-diabetic children. LICHTENSTEIN also 
allowed the children to eat sweets. In contrast to STOLTE, LICHTEN- 
STEIN believed that the free diet should be a normal one. Unlike 
STOLTE, he found, on the basis of observations in hospitals, that 
children ate about the same amount of the same things daily if 
they were allowed to choose what they liked. He reported that 
children 1—15 years of age ate 2—3 gm. protein, 2.5—3.5 gm. 
fat per kg. bodyweight per day, and that children between the ages 
of 10 and 15 years ate 6—7 gm. carbohydrates and the youngest 
diabetic children 10—11 gm. per kg. bodyweight per day. 

This could not be endorsed by other authors, who, on the con- 
trary, stated that the appetite of diabetic children varies widely, 
especially when they are on a free diet. That this appears to apply 
to Swedish children with diabetes is apparent from the investiga- 
tions of ARBORELIUS (1937), who reported that the food of children 
with an unrestricted diet is of varying composition and if the 
children are allowed to eat what they want and as much as they 
like of it, the diet will be high in carbohydrates but low in fat. 
Brock carefully determined the amount of, and the requirement for, 
proteins by children aged 3—-14 years. It might be mentioned that 
the protein requirements do not vary appreciably with race or other 
dietary habits, etc., (HIMSwORTH, 1935, quoted by TEJNING). He 


found the proteins to represent about 12 per cent of the food con- 
sumed. The values reported by BRock (1939) were compared with 
those for healthy children of corresponding ages and on unrestricted 
diet reported by E. AHLQUIST (1916). She found the consumption 
of protein to be about 75 per cent above the requirements found by 
Brock. BROCK also found the caloric consumption to vary widely, 
depending on such factors as constitution, amount of physical 
exercise, type of food (simple or luxurious). MCLESTER & DarBy 
(1952) pointed out that it is difficult to give any normal dietary 
standards for children. They added that the requirements vary from 
one child to another and that the caloric consumption by children, 
especially by boys in prepuberal age, is sometimes greater than that 
of adults and may reach such values as 5,000 calories. IclE Macy 
(1942), who made careful metabolic studies on healthy children 
under her charge at Children’s Fund of Michigan, found that the 
amount of food consumed by children of one and the same age 
varied widely from day to day and week to week. 

As to adults with diabetes, HIMSWORTH & MARSHALL (cited by 
TEJNING) observed a premorbid tendency to choose high-fat food 
and believed that this choice was due to the fact that fat, in the 
initial stage of diabetes, has a sparing effect on the insulin produced 
by the beta cells. This tendency is often found initially among 
diabetic children on a free diet (personal observation) and has also 
been observed in partially pancreatectomized rats (RICHTER & 
SCHMIDT, 1942). It has been shown experimentally by JANES & 
PROSSER (1947) in alloxan-diabetic rats fed on a high-fat diet that 
such a diet depresses hyperglycemia and glycosuria. This effect 
of fat applies only to recent diabetes, while under other conditions, 
and in advanced or long-standing diabetes, a high-fat diet produces 
quite different effects. 

These experiences do not argue in favour of LICHTENSTEIN’s 
opinion, which, as pointed out above, was not shared by STOLTE 
either. It is possible that during the latter part of his life LICHTEN- 
STEIN modified his attitude to this question, because in 1952 — the 
year after his death — in a paper by LARSSON, LICHTENSTEIN & 
PLOMAN, it was stressed that it was important to see that children 
on a free diet received their meals regularly and that their food in- 
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take was constant, so that overfeeding might be avoided. It was 
hardly necessary to stress this point, because the children themselves 
according to LICHTENSTEIN’s earlier statement ate a more or less 
constant amount and their consumption was more or less equal 
to that of normal children. Moreover, it would be contrary to all 
experience if children behaved so strictly according to plan and 
without variation as that described by LICHTENSTEIN. 

In 1949, LICHTENSTEIN gave a survey of many years’ experience 
at his clinic and of the value of free diet in the management of 
diabetes. Independently of the attitude one might have towards free 
diet, it cannot be denied that LICHTENSTEIN attacked the problem 
of diet in juvenile diabetes in a clearly scientific manner and thereby 
contributed to a facilitation of the judgment of the value of the 
free diet, and after LICHTENSTEIN had convinced himself of the 
advantages of free diet he proved one of its foremost advocates. 

During the first 5 years of free diet, the results were encouraging, 
and most of the children therefore probably left LICHTENSTEIN’s 
clinic in a fairly good condition, but in 1949 no definitive figures 
indicating the frequency of follow-ups were available. These figures 
were not published until after his death in 1952. 

The higher frequency of complications among diabetic children 
on a free diet deserves special attention, because others have pointed 
out that it is easier to treat children on a free diet than by any 
other method. 

Many papers emanating from his clinic show the features of the 
free diet as applied by LICHTENSTEIN. The fasting blood sugar lay, 
as a rule, between 100 and 200 mg./100 ml., never over, and 
glycosuria was “some ten grams”. This was the maximum permitted, 
but in 1952 LARSSON, LICHTENSTEIN & PLOMAN gave 40 grams as 
the upper limit. The cholesterol values were higher than for normal 
non-diabetic children (on restricted diet). It might be mentioned that 
PRISCILLA WHITE (1952) expressed the view that good diabetic 
control of children means, inter alia, normal serum cholesterol 
values. The results obtained by LICHTENSTEIN refer to children on 
a free diet, 7.e. unrestricted and control of the diabetes by insulin 
only. This type of treatment has been defended by those who be- 
lieve in free diet and that insulin alone is sufficient to control the 
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diabetes. It must be added here, however, that with free dict insulin 
is used to control the symptoms but not the urinary and blood 
values. LICHTENSTEIN pointed out that children suffer mentally 
from keeping a diet differing from the rest of the family and therc- 
fore the application of the free diet means an advance over the old 
dietetic therapy, because it does not involve the development of 
neuroses or behaviour disorders, and the children live like other. 
healthy children. It might also be added that, like STOLTE, LICHTEN- 
STEIN was obliged to give many of his children 3 injections a day 
until 1938, which he admits is ‘‘an inconvenience attached to thc 
free diet’’. One might question whether this necessity of 3 injections 
a day might not mean just as much a mental strain as a restricted 
dietary regimen. 

Like LICHTENSTEIN, many others who apply a free diet emph- 
asized how necessary it was for the patient, after adjustment at 
hospital, to control himself carefully, and it has been pointed out, 
especially by LARSSON at LICHTENSTEIN’s clinic, that free diet does 
not mean exemption from regular control. 

The free diet was widely accepted, particularly by pediatricians in 
Scandinavia and Germany, along the lines suggested by STOLTE 
(1933), LICHTENSTEIN (1935), SODERLING (1935), BOJLEN 
(1938), RAIHA (1939), FORSELL (1947), FRIcK & MUSTERLE 
(1937) and KarRLA WEISSE (1951). Many internists soon began to 
allow their patients an unrestricted diet (GRILL, 1948, ARBORELIUS, 
1937, MOLLERSTROM, 1948, ToLsToI, 1940) and even in U. S. A. 
free diet soon became popular, especially after TotsTot’s publica- 
tion of observations made in a series consisting mainly of adult 
diabetics. ToLsto1 admittedly disregarded glycosuria and did not 
control the blood sugar at reviews, but he recommended a certain 
restriction of caloric intake and attached much attention to the well- 
being of the patients. GUEST (1949) also treated his patients along 
these lines, but used certain tables of the normal food requirements 
in different ages, so that parents might know roughly what a nor- 
mal diet means. 

In a paper of 1951, HUNT described the experience he made in 
the management of diabetes without dietary restrictions, and stressed 
the importance of a sufficient dose of insulin and how necessary 
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it was to avoid adiposity, but otherwise believed that dietary measures 
are not necessary in the management of diabetes. 

The introduction of the free diet was not accepted without cri- 
ticism, especially by those who applied conservative dietary regimen 
together with insulin. It was above all the internists who questioned 
the use of a free diet. Free diet was, however, gradually more or 
less accepted, but increased attention has been directed to this ques- 
tion during the last decade, during which the number of diabetic 
late complications of cardiovascular type have been recorded with 
increasing frequency. These complications are, however, found not 
only among old diabetics, but also among younger diabetics with 
diabetes of long duration and often lead to the death of the adult 
diabetic before he has reached fifty, sometimes long before. These 
questions will be discussed in subsequent chapters, special attention 
being directed to the different opinions of the degree to which free 
diet is responsible for these late complications. 


CHAPTER V 


DIETARY FACTORS lil 


FREE DIET VERSUS CONTROLLED DIET IN 
THE TREATMENT OF DIABETES MELLITUS 


In the discussion of the advantages and disadvantages of free 
diet as compared with those of controlled diet, it should be re- 
membered that opinions differ as to what should be understood as 
free diet. As pointed out in the preceding chapter, even STOLTE and 
LICHTENSTEIN, the foremost advocates of free diet, differed in opi- 
nion as to what should be understood by free diet. 

At the 7th Northern Congress of Pediatrics, held in Oslo in 1938, 
one of the main subjects was the application of the free diet in diabetes 
in children. Lectures held by LICHTENSTEIN and co-workers on the 
results and experience gained in five years’ application of the free 
diet were followed by a lively discussion, in which various leading 
pediatricians reported on their experience with free diet. 

OLUF ANDERSEN reported side effects in the form of increased 
diuresis and overweight. He showed that the blood sugar level 
fluctuated considerably in the course of a day and from one day 
to another. After the introduction at his clinic of protamine insulin, 
these side effects were diminished, but the tendency to overweight 
persisted. 

ARVID WALLGREN considered that the term free diet was ill- 
chosen. He knew that there were diabetics who, as far as diet 
is concerned, were living under conditions even less restricted 
than what might be regarded satisfactory even for normal children. 
WALLGREN applied what he called a modified normal diet, a diet 
which resembled the normal diet as closely as possible but with 
certain restrictions, particularly of sweets, extra sugar and desserts. 
If a diabetic child showed any tendency to overweight, to eczema 
of the vulva, or if 2 insulin injections were necessary when the child 
was on a normal diet, restriction of carbohydrates should, accord- 


27 


ing to WALLGREN, be tried. He stated that many children prefer 
carbohydrate restriction to an increase in the number of insulin 
injections. As mentioned earlier, STOLTE stated that the children 
at his clinic preferred the injections to carbohydrate restriction. 
KIRSTEN UTHEIM-TOVERUD found free diet to be accompanied by 
inhibition of growth and high caries frequency. She did not apply 
a free diet, but a normal diet. C. W. HERLITZ thought that a normal 
diet with a certain restriction of carbohydrates was probably better 
than a completely free diet. GJORUP used a free diet in the sense 
described by LICHTENSTEIN, but thought it useful to restrict carbo- 
hydrate consumption so that it did not vary too much from one day 
to another, which might otherwise be able to produce insulin 
reactions. A. SUNDAL applied a free diet, but warned against the 
consumption of sweets and stressed the importance of regular meals. 

The experiences and the therapeutic results reported by these 
pediatricians thus varied and therefore made it difficult to draw 
any valid conclusions about the actual value of free diet. 

Even today, opinions still differ regarding free diet. FANCONI, 
BOTSZTEJN & KOUSMINE (1948) reported discouraging figures on 
the frequency of renal complications and mortality from diabetes 
in children and they expressed the view that the high-fat, low-pro- 
tein, fruit-vegetable diet applied might be a contributory cause of 
the poor results in their series, in which all patients who had had 
diabetes for 16 years had nephropathy, and in which all of the pa- 
tients died within 21 years of the onset of diabetes. At about that 
time, 7.e. 1948, FANCONI modified the diet and then followed 
essentially STOLTE’s free diet. FANCONI pointed out that, in- 
stead of the term free diet, he preferred normal diet in order to 
avoid excessive consumption of carbohydrates and fat, and that he 
did not permit the use of sugar in milk, coffee, tea, etc. He stressed 
that the urinary excretion of carbohydrates should not exceed 5 per 
cent of the dietary carbohydrates (LICHTENSTEIN, 1949, gave 10 
per cent) and believed that increased serum cholesterol suggests 
poor adjustment regarding diet or insulin. He pointed out that, in 
the event of hypercholesterolemia, it should be controlled without 
delay. 

In 1952, Opitz gave an account of an investigation based on 
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questionnaires sent to a number of leading pediatricians, particularly 
in Germany. 

Of the 11 pediatricians who received such questionnaires, only 2, 
Bossert and WEISSE, applied a pure “STOLTE’’-diet, while KaTScH 
and PRIESEL applied dietary regimens in the treatment of diabetic 
children. PRIESEL thought it desirable to keep the urine sugar-frec 
and KATSCH claimed that only the quantitatively regulated dietary 
regimen offered the possibility of obtaining favourable permanent 
results and was definitely against free diet in the treatment of dia- 
betes. KATSCH’s opinion was shared by BERTRAM, who in the question- 
naire answered that one must regard the free diet as unsuitable. He 
used a high-carbohydrate but low-fat diet, in which the protein 
content was 2 gm./kg. bodyweight. LICHTENSTEIN (1949) quoted 
BERTRAM in his discussion on normalization of the blood sugar level 
and said “Bertram also states that today most diabetes experts agrcec 
that a moderate rise of the blood sugar level is in no way decisive 
for an unfavourable course of the disease’. That he was nevertheless 
not an adherent of free diet is apparent from what was cited above, 
but no such statement is mentioned by LICHTENSTEIN. Other workers 
in this field had usually applied a “normal” diet, which, how- 
ever, varied from one to the other. 

Opitz had also asked these 11 pediatricians to express their 
views and experiences on late complications and as to whether they 
were less severe and less frequent in patients who had lived on a 
restricted diet than in those who had been allowed a free diet. Most 
of them answered that the prospects of late complications or the 
avoidance of late complications depends on the rigidity with which 
they observe dietary restrictions and on careful ambulatory control. 

It is thus apparent that the composition of a free diet varies from 
one pediatrician to another, who also differ in their evaluation of 
the value of free diet. Another point making it difficult to estimate 
the value of the dietary measures in the treatment of diabetes is 
that it is never known with certainty to what degree a given patient 
or series of patients follows the dietary prescription. 

It is obvious that, if sugar-free urine is regarded as necessary 
in a case of severe diabetes, it will probably be very difficult for 
the patient to follow the prescriptions without symptoms of hypo- 
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glycemia, an observation stressed by LAWRENCE (cited by LICHTEN- 
STEIN) as important when setting up a dietary regimen. 

Those who apply free diet believe that many difficulties are 
thereby avoided and that it does not mean such a mental strain on 
the patients. As long as it has not been proved that a strict dietary 
regimen aiming at normal glycemia and sugar-free urine does not 
depress the frequency or severity of complications or late complica- 
tions, free diet seems to be justified. Adherents of free diet, how- 
ever, stress the importance of reviewing the patients at regular inter- 
vals, particularly regarding ketonuria. Moreover, LICHTENSTEIN 
(1949), for example, believed that the fasting blood sugar level 
should not exceed a certain limit, and that the daily urinary sugar 
output should be less than 40 gm. ToLsTo1 (1953) attaches only 
minor importance to the amount of urinary sugar in adult diabetics 
and says that it is of no practical importance if it varies from 20 gm. 
to 100 gm. He thinks that the patient's report as to how he feels 
is of more importance. He believes that, if the patients are symptom- 
free, they are well controlled. In the study of the advantages and 
disadvantages of controlled respectively free diet in the treatment 
of diabetes, it is hardly possible to take several series together, for 
the simple reason that the so-called free diet varies from one series 
to another, as do the criteria used for the evaluation of the late 
results. It is, however, possible to obtain a general opinion from a 
survey of the results recorded by various authors. 

The investigations reported over a number of years by JACKSON 
and co-workers, of the Department of Pediatrics, University Hospi- 
tal, Iowa, must be regarded as some of the most reliable and in- 
formative follow-up studies of juvenile and childhood diabetes on re- 
cord. In the evaluation of his patients, JACKSON (1949) uses dif- 
ferent scales, varying according to the factors being analysed. 

In a study on “degenerative changes in young diabetics in rela- 
tion to level of control’, JACKSON, HARDIN, WALKER, HENDRICKS 
& KELLY gave an account of the analytical methods they used and 
which are briefly summarized below. 


Control rating O== Freedom from sugar in the urine except for 
(Good) occasional slight traces. Approximately nor- 
mal blood sugar levels. 
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Control rating '/,== Fluctuating from rating 0 to 1. 

(Fair to Good ) 

Control rating 1— _ Less than one-half of urine specimens frec 
(Fair) from sugar and small amounts of sugar in 


the remaining specimens. Slightly elevated 
blood sugar levels. 


Control rating 2== Fluctuating from rating 1 to 3. 

(Fair to poor) 

Control rating 3== Varying amounts of sugar in urine, conti- 
(Poor) nuously elevated blood sugar levels. 
Control rating 4== Continuous gross glycosuria. 

( Very poor) Elevated biood sugar levels. 


In the calculation of the level of control of diabetes, the level was 
judged according to different ratings noted at the regular reviews 
carried out every fourth to sixth month. The values were then multi- 
plied by the number of years a certain rating value had been found. For 
example, if a diabetic had had a control rating of 0 for 7 years, of 
Y, for 4 years, and of 1 for 3 years, the patient, who was thus 14 
years old, had a numerical control rating of 5, which must be re- 
garded as extremely low, and means good control. 

In the treatment of diabetes, JACKSON applies the principle that 
the diabetic condition should be controlled as far as possible. In the 
treatment of children this means strict control regarding both dict 
and insulin. The caloric supply is, however, not low, for JACKSON 
stresses that children who are growing must be properly nourished, 
and therefore the caloric intake should be roughly normal. This 
implies that the number of insulin injections is higher than that 
given at many other places. Until 1944, he gave 4 injections per 
day; of these, 3 were given 14 hour before the 3 main meals and the 
fourth at 1 a.m. This principle surely appears to be troublesome 
both for the patient and for the relatives, but JACKSON reports that, 
if the parents are given a clear idea of the risks and possibilities 
of prophylaxis and that proper control during childhood will help 
to delay late complications, they willingly accept this extra trouble. 
Some parents reported that they felt safer with this sort of treatment 
and that they had a feeling that the disease was then under far better 
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control. As the primary control at the Iowa clinic was extremely 
careful and extended over a sufficiently long period, the patients 
were able to accustom themselves to 4 injections of regular insulin, 
and it seldom happened that the patient had to return for new ad- 
justment. Since 1944, the number of injections has been reduced 
to 3, the last injection of the day and the one in the early hours of 
the morning having been replaced by a dose of globin insulin 
1 hour before the evening meal. It has been possible to maintain 
the same degree of control as before. 

In 1949, JACKSON and his co-workers gave an account of 75 cases 
of juvenile diabetes, all severe, and all with a duration of at least 
10 years. 

These patients were examined with regard to the appearance of 
degenerative vascular injury, growth and changes in serum lipids, 
and all of these factors were studied against the different degrees 
of control rating. 

Of the patients, 46.6 per cent had retinopathy, usually mild, 
only 1 patient showed proliferative changes, and of 61 with diabetes 
of anything up to 20 years’ duration, the eyes were normal in 38, 
i.e. in more than half. In the group that had had diabetes for 20— 
25 years (11 cases), was one woman who had had the disease for 22 
years but who showed no signs whatsoever of degenerative vascular 
disease. Her control rating was 8, which means that the diabetes 
had been well controlled all these years. Those patients with a 
higher numerical control rating showed a tendency to a higher fre- 
quency of degenerative vascular injury, hypertension, hypercho- 
lesterolemia and cataract than did those who had been controlled 
better, 7.e. those who had low control ratings. Calcification of blood 
vessels was recorded in 16 per cent, hypertension in 4 per cent and 
albuminuria likewise in 4 per cent. Cataract was more common, 
with a frequency of 14.6 per cent. 

Statistical analysis showed a correlation between the increased 
frequency of retinopathy and higher numerical control ratings, as 
well as between the increased frequency of retinopathy and the 
duration of diabetes. On the other hand, no correlation was found 
between retinopathy and age at onset or severity of the diabetes, 
which was judged mainly by the insulin requirements, which was 
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on the average 60 I. U. Hypertension and albuminuria were also 
correlated with higher numerical control ratings. Ketosis and aci- 
dosis, as well as hypoproteinemia and hypercholesterolemia, were 
more common among patients with poor control and in 61 per cent 
of the cases with hypercholesterolemia changes were seen in the 
fundus of the eyes. 

The investigations of JACKSON and co-workers thus showed that 
both the duration and the degree of control are decisive factors in 
the development of degenerative vascular changes. It appears that a 
low control rating index will help considerably to delay the de- 
velopment of the above-mentioned vascular changes. 

A disadvantage in the therapeutic scheme at JACKSON’s clinic 
is the number of injections and the occurrence of attacks of hypo- 
glycemia on physical exertion and in similar situations. 

At JOsLIN’s clinic in Boston, where large series of diabetics (in 
1952 about 34,000 patients) have been carefully analysed clinic- 
ally, the value of dietary restrictions in combination with insulin 
and exercise has been stressed. From New England Deaconess 
Hospital in Boston, JosLiN and co-workers, inter alia Root, 
WHITE & MARBLE, published a large monograph, The Treatment 
of Diabetes Mellitus, in which they emphasized the value of this 
treatment. 

At JosLin’s clinic a definite diet with slight individual variation 
and regular meals is applied. According to JosLIN, the dietary re- 
gimen should be strict during the first 10 years and particularly 
during the first 2 years of diabetes, because it is the control during this 
time that is of greatest prognostic importance. JACKSON made the same 
experience in his Iowa material, and this holds for most of those ap- 
plying LAWRENCE's dietary restrictions. This scheme of treatment is 
extremely important in recent cases of childhood diabetes. JOSLIN 
claims that, if a 24 hour urinary sample is not sugar-free, treatment 1s 
not adequate. At any rate, neither the morning sample (or collected 
half an hour after rising ) nor the evening sample should contain sugar. 
However, slight glycosuria does sometimes occur, but it should 
not exceed about 5 per cent of the amount of carbohydrate ingested, 
and if the amounts of carbohydrate are 150 gm., the urinary excre- 
tion should not exceed 10 gm., and under no conditions whatsoever 


should 20 gm. glucose in the urine be tolerated. As far as children 
with recent diabetes are concerned, JOSLIN and PRISCILLA WHITE 
think that no glycosuria whatsoever should be allowed, because the 
late prognosis depends to such a great extent on the initial therapy. 
The blood sugar values should preferably be normal before all 
meals. In addition, the serum cholesterol should preferably be less 
than 200 mg./100 ml. Ketonuria should, of course, not be allowed. 

In order to stimulate his diabetes patients, JOsLIN founded a 
Quarter Century Victory Medal for Diabetics, which is distributed 
to diabetics who have lived with diabetes for 25 years without show- 
ing signs of any vascular degenerative changes or other diabetic 
complications. This was introduced in 1947, and by 1949 four 
persons had received such a medal, in 1951 the number had in- 
creased to twenty-three, in May 1952 to thirty-four. In 1951, 
JOSLIN reported in his “Status of living diabetics with onset under 
forty years of age’’ on 23 patients with the onset at the age of 1 */, 
years to 32 years and who at the time of the examination were 27 
to 61 years old. In one patient, the onset had occurred in 1916, and 
there were altogether 8 in whom the onset had occurred before the 
introduction of insulin. All of them had been treated according to 
the same principle, with strict dietary regimen in the beginning, low 
caloric supply and low-carbohydrate supply during the first years, 
and then the ordinary principles described above, 7.e. sugar-free 
urine during the greater part of the day. Many still tested the urine 
for sugar three times a day, and if any of them had broken the 
dietary rules, the insulin dose was modified according to any glyco- 
suria that might have occurred. Of the 21 patients, the average in- 
sulin dose was 48 I. U., which is relatively small compared with 
the insulin requirements of diabetics on free diet. Of the 23 pa- 
tients, 22 were well able to carry on with their ordinary work at 
home or elsewhere. 

Diabetic late complications have also received attention from 
other workers at JOSLIN’s clinic. 

PRISCILLA WHITE and ELEANOR WASKOW (1948) reported on 200 
cases of juvenile diabetes, of which vascular disease was de- 
nonstrable in 92 per cent. All of them had had diabetes for more 
‘han 20 years, and they had not received modern diabetic treatment 
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for more than half of this period. In other words, that material 
may not be regarded as representative of modern dietary regimens 
at JOSLIN’s clinic. It was apparent from the analysis that the vascular 
diseases could usually be shown within 15 years’ duration of th 
disease. Retinal sclerosis was seen in 85 per cent, 15 per cent of 
whom were blind or nearly blind, calcified arteries (X-ray diag- 
nosis) in 75 per cent, diabetic nephritis in 50 per cent (common 
cause of death), coronary insufficiency in 8 per cent. There was 
correlation between the degree of severity of vascular complications 
and the occurrence of poor diabetic control, as shown by he 
patomegaly, incidence of diabetic coma, hypercholesterolemia and 
hyperglycemia. 

In Duncan’s Diseases of Metabolism and in the 9th edition of 
Treatment of Diabetes mellitus, by JOSLIN and co-workers, published 
in 1952, PriscILLA WHITE reports on the latest collection at JOSLIN’s 
clinic and of the prognosis of juvenile diabetes. Of 3,144 cases 
(the entire material from 1898 to 1952), 82 per cent were living 
and 875 had lived for 20 years or more. 

Closer analysis of 702 of these children, who had survived for 
20 years or more, showed that more than 50 per cent of them had 
retinopathy, and about 25 per cent had hypertension and albumi- 
nuria, After about 10 years, degenerative vascular changes were seen 
in 5 per cent, and after 14 years’ duration in about 10 per cent. 
When the duration of diabetes was 25—-30 years, retinopathy had 
occurred in 85 per cent, albuminuria in about 30 per cent, and hy- 
pertension in 34 per cent. Of the 34 patients who had survived 
their diabetes for 30—34 years, retinopathy was seen in only 30 per 
cent, hypertension in 54 per cent and albuminuria in 40 per cent. 
WHITE compared the frequency of coma, hypercholesterolemia, he- 
patomegaly and hyperglycemia of more than 400 mg./100 ml. 
among 58 patients who after 20 years or more had died of vascular 
diseases and were thus patients with poor control, with 28 perfect 
cases, free from complications after 20 years or more and forming 
the group good control. Coma was more than 3 times as common 
among the 58 fatal cases, hypercholesterolemia was recorded in 
about 75 per cent of these cases and only in about 30 per cent of 
those well controlled, hepatomegaly was twice as common among 
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the poorly controlled patients (50 per cent as against 25 per cent), 
while hyperglycemia of more than 400 mg./100 ml. differed less 
from the other series in that it was hardly 10 per cent less than 
among the cases classed as perfect. 

Of other co-workers at JOSLIN’s clinic, especially HowaRD 
RooT, ALEXANDER MARBLE and JAMES WILSON, analysed the large 
material with regard to the question of the vascular late complica- 
tions and the degree of diabetes control. 

RooT, SINDEN & ZANCA (1950) analysed 282 cases with a 
diabetic onset between 15 and 30 years of age with regard to dura- 
tion and control. Poor control was said to be present in those patients 
that had had coma several times and in whom the blood sugar 
values were continuously increased and who had glycosuria. Further, 
these “poor controls” had no continuous medical supervision and 
they had not been treated with insulin during the first year of 
their disease. In 58 per cent, X-ray examination had shown calci- 
fication of the arteries. In those patients who had had the diabetes 
for 20—29 years, diabetic retinopathy was seen in 90 per cent of the 
group of poor controls, as compared with only 18 per cent of those 
who had been properly controlled. The corresponding figures for 
roentgenographic calcification of the arteries were 96 per cent and 
65 per cent. 

Diabetic nephropathy occurred earlier among patients with poor 
control, sometimes already after 4—6 years’ duration of the disease, 
while those with fair or good control were free of complications 
for 20 years or more. Nephropathy occurred in the former group 
in altogether 67 per cent, while only 10 per cent of those with 
better control had nephropathy. Diabetics who had had the disease 
less than 10 years had a nephropathy frequency of only 6 per cent, 
as against 25 per cent in the group that had had diabetes for 10 to 
19 years. 

WiLson, Root & MARBLE (1951) analysed a series of 247 dia- 
betics in whom the onset had appeared between the ages of 1 */, 
years to 30 years and who had had the disease for 10—34 years. 
The material was divided into 4 groups: excellent (2.8 per cent), 
good (12.1 per cent), fair (20.7 per cent) and poor (64.4 per 
cent) controls. The criteria used for this classification were: ex- 
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cellent control: no coma, insulin therapy commenced within a few 
weeks after the onset, the urine examined more than once daily with 
a conscientious attempt to maintain it sugar-free or practically sugar- 
free before meals, diet weighed during at least 80 per cent of thc 
time they had had diabetes, and medical review at least once a year 
and then normal urinary and blood values. Good control: roughly 
similar rules, though not so strict. Coma in association with the onset 
was permitted and the diet was weighed during the early course of 
the disease and then at regular intervals. Fair control: coma only in 
connection with the onset and possibly in connection with any acutc 
infection or other complication, insulin treatment within the first 
2 years after the onset, the urine tested a few times a week, careful 
diet but not weighed or measured, medical review at least every 
other year. Poor control: coma on several occasions, more than 2 
years before insulin was started, no dietary restrictions or urinary 
tests and irregular medical review. The result was that those pa- 
tients who had an excellent or good control showed a lower fre- 
quency of, and less pronounced, renal changes in the kidneys, retina 
and peripheral vessels (X-ray calcification). Of 37 such patients, only 
9 had slight calcification and 7 had mild retinopathy, while 159 
with fair or poor control had pronounced changes in 70 respectively 
86 cases. After 20 years’ duration, 3 of the 4 patients with excellent 
control had no eye symptoms, as compared with 54 with moderate 
to marked retinitis, of which only 5 had had good control and none 
excellent control. Of the patients with good or excellent control, 
63 per cent lived with diabetes for 20 years or more, while only 38 
per cent of those with poor control survived such a long time. 

In 1952, KEIDING, RooT & MARBLE reported on 451 diabetics 
in whom the disease had appeared at corresponding ages and the 
duration of the disease was 10—36 years. Of the entire material, 
none of the 11 cases with excellent control had nephropathy, as 
compared with only 1 of the 50 with good control, while 17 per 
cent of the 92 patients with fair control and 28 per cent of the 298 
patients with poor control had nephropathy, which gave a mean 
frequency of 22 per cent for the entire material. 

WILSON, RooT & MARBLE, 1951, divided the above-mentioned 
material according to the way in which the patients had followed 
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the prescriptions, and found that there were 73 patients who had 
followed the regimen properly and 100 who had not properly ob- 
served the restrictions and used a diet of the type free diet similar 
to that recommended by Totsto! and others. A third group of 48 
patients had had coma on several occasions. All of them had had 
diabetes for more than 10 years. The results showed, inter alia, that 
advanced lesions of both the blood vessels and eyes were twice as 
common among the free diet group and the coma group as in the 
controlled group. Of the entire material (221 cases) none of those 
with proper control had nephropathy, while in 62 cases nephropathy 
of glomerulosclerotic type was found and of these 62 patients, only 
13 had followed the regimen. The JOsLIN school thus claims that 
it is not only the duration of diabetes and the patient’s age that 
are of importance in the development of the degenerative vascular 
changes, but also the control of the diabetes disease, because such 
complications occur earlier in patients on a free diet. 

Similar studies have also been carried out by others, 7.e. GUILD, 
GrRuBB, CHU, and SipBuRY. These authors set up the following criteria 
for good, fair respectively poor control. ““Good control: 1) careful ad- 
herence to diet, 2) glycosuria not exceeding about 20 gm. per day 
(“reasonable limits’’), 3) no episodes of severe acidosis or coma (but 
slight readily controlled acidosis accompanying an infection 1s allow- 
ed), 4) stability of diabetic status, 5) good adjustment to the diabetic 
way of life, 6) regularity of habits in general, including regularity 
in attending at clinic. Fair control: 1) fair adherence to general 
dietary principles outlined with regular indulgence in extras, such 
as candy, cake, cookies, soft drinks, etc., 2) glycosuria usually in 
excess of reasonable limits, 3) episodes of acidosis or coma only 
infrequently, 4) diabetic status stable, with, however, 5) some ir- 
regularity in habits, including haphazard clinic attendance. Poor 
control: 1) no adherence to suitable dietary regimen, 2) excessive 
glycosuria at all times or fluctuations between periods of excessive 
glycosuria and episodes of hyperglycemia, 3) frequent hospitaliza- 
tions for severe acidosis and coma, 4) unstable diabetic status, and 
5) poor adjustment to the needs and demands of a diabetic career.” 
These criteria are fairly mild and by no means so stringent as those 
set forth by JACKSON. Nevertheless these authors found a clear 
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tendency of diabetic late complications of vascular type to appear 
earlier and more frequently in those with poor control. None were 
free of complications after 10 years in the later groups, thus poor 
controls, and after 15 years patients with fair control were 
seldom free of some form of vascular complication. In the 
well-controlled group, which in 10 of the 14 cases were patients in 
whom the onset had occurred before the age of 5, no complications 
appeared before the age of 18, and in some the changes were only 
minimal or of doubtful significance after 22 years’ duration of the 
disease. Even in those, then, who had not had complications in the 
group of good controls, the complications were delayed. In addi- 
tion, the complications were less pronounced and also progressed 
slower. 

This material was analysed at Johns Hopkins clinic in Baltimore, 
where it was found that it is much easier to get small children to 
follow the restrictions of good control, while diabetics in whom 
the disease had appeared at puberty showed a lower frequency of 
good control. Intelligent diabetics or parents of diabetics realized 
the importance of good control and regular medical review. The 
authors said that “certainly the philosophy of the free diet, which 
encourages a more casual attitude towards the disease, may be a 
dangerous one for the child or young adult, who is destined to 
spend his life with diabetes’. The material was examined with 
respect to the commonest complications of long-term diabetes. 
Diabetic retinopathy of varying severity was the first to appear, and 
among patients with poor to fair control already within 10 years. 
Further, the patients were examined with regard to albuminuria, 
calcification of the arteries (X-ray), hypertension and hypercho- 
lesterolemia. The authors believed dietary restrictions important in 
the beginning and stressed the value of instructions concerning the 
nature of the disease, dietary elements and insulin technique. When 
they had found that the patients or parents co-operated well, dietary 
restrictions were less frequent and they permitted more carbohydrate 
and did not think weighing necessary. Slight glycosuria was regarded 
even as suitable as a safety margin against hypoglycemia. They ex- 
pressed the view that, if the physician had his patient in close co- 
operation for a number of years, the patient automatically accustoms 
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himself to this regimen and “soon remembered no other way of 
life’. 

DAESCHNER, DEISHER & HARTMANN (1951), expressed the same 
view, namely that “not only duration but also control is important 
to the incidence of complications in diabetes mellitus’. 

They accounted for those cases of diabetes treated at St. Louis’ 
Children’s Hospital during the years 1922—1943. The total number 
of 180 patients had to be reduced gradually so that, at the review, 
only 60 were examined. In this series, in which the onset of dia- 
betes had occurred before the age of 15 and had a duration of 7— 
28 years (over 10 years in more than twothirds), the authors found 
that the incidence of late complications varied with the degree of 
control. Retinal changes occurred as early signs of vascular compli- 
cations. The most severe changes did not appear until after 15 years’ 
duration of the disease, but the authors concluded that the investiga- 
tions “suggest that not only duration but also control is important 
to the incidence of complications in diabetes mellitus’. 

CHUTE (1948) of Toronto, and later KERR, BROWN & KALANT 
(1952), also discussed late complications in juvenile diabetes. 
CHUTE found that after 20 years’ diabetes pronounced evidence of 
degenerative lesions, arteriosclerosis, albuminuria and _ retinitis, 
which complications he found also among those with diabetes of 
15 years’ duration but to a lesser degree. In that paper he did not 
take any definite attitude towards the degree of control. KERR ef al. 
analysed 81 cases of juvenile diabetes, with an onset before 16 years 
of age, and also considered the degree of control. They expressed 
the view that, apart from the blood sugar level always above 150 
mg./100 ml. and glycosuria of at least moderate degree (2 plus), 
which occurred more than sporadically, must be regarded as poor 
control. Recurrent acidosis was also regarded as a sign of poor con- 
trol. According to these authors, the diet should be constant, as 
should the amount of food and, if these rules were followed, the 
dietary regimen used might vary. With these principles, free diet 
could hardly be approved. On the basis of these criteria and others, 
they grouped their 81 patients into one group of good controls (32 
cases) and one of poor controls (49 cases). Analysis showed that 
retinopathy occurred in 38 per cent of the good controls and in 59 
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per cent of the poor controls; for cardiac and renal complication: 
and vascular calcifications the figures for good respectively poo: 
controls were: 3 per cent respectively 12 per cent, 6 per cent respec 
tively 18 per cent, 6 per cent respectively 22 per cent. Altogethci 
41 per cent of the good controls had complications as compared 
with 73 per cent of the poor controls. This means that about 60 pc: 
cent of the good controls were free of complications for 20 year 
or more, as compared with 27 per cent of the poor controls. Ten pa- 
tients had had diabetes for 20 years or more and they belonged to 
the good control group. 4 of these 10 patients were completely frec 
of complications, 2 had minimal retinal changes, and the other 4 
had occular changes in the early stage, slight arterial calcification 
and signs of cardiac and/or renal involvement. All of the well- 
controlled patients felt well and were apparently in excellent health. 
The authors came to the conclusion that it is not only the duration 
but the control of diabetes that is of importance in the incidence of 
the degenerative late complications. 

GRAYZEL & WARSHALL (1951) reported on 25 cases of juvenile 
diabetes that had been carefully followed for a number of years, 
from 11 to 28 years after the onset. In only a few patients the onset 
had occurred after the age of 16, while in 17 of the 25 patients 
the onset was before the age of 8. The cholesterol and total lipids 
in the serum, the occurrence of renal injury, diabetic retinopathy and 
the occurrence of peripheral arterial calcification, as well as ordinary 
routine tests were studied. The demands for control were less ri- 
gorous than those set forth by JACKSON and others. According to 
GRAYZEL & WARSHALL, good control was said to be present when 
the blood sugar was normal or only slightly increased. Glycosuria 
between 2 and 8 grams was the limit allowed in this group. Fair 
control meant that the blood sugar was allowed to be increased at 
most 8 hours and preferably lower during the day, with a maximum 
of 10—20 grams of glucose in the urine. Poor control: blood sugar 
200—300 mg./100 ml. during the greater part of the day and 15- 
40 grams urinary sugar output. Finally, those cases were ciassed as 
very poor control in which the blood sugar level was 250— 
400 mg./100 ml. and more than 40 grams glycosuria. These 
results showed fairly well that, of all the 7 patients that could be 
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classed as good control, all were free from complications after 16 to 
24 years, and on the average 20 years duration of diabetes. Those with 
fair control, 7 cases, showed complications in the form of retino- 
pathy, albuminuria, vascular calcifications or increased serum lipids 
in 43 per cent (3 cases). The patients with poor control, 8 cases, 
had complications in 88 per cent (7 cases), and of 3 diabetics with 
very poor control who were on a free diet, 7.e. the patients had 
disregarded restriction of caloric and carbohydrate intakes, all 3 had 
complications. In this series, retinopathy appeared first. The 7 pa- 
tients with good control and without complications had, on the 
average, a caloric intake of 1890 calories. In the poor control group, 
which was not on a free diet, the caloric intake was 2445 calories. 

In his monograph published in 1953, LUNDBAK analysed his 
material with regard to good and poor control. He stressed the dif- 
ficulties encountered in deciding whether a patient should be as- 
signed to one group or the other, and 13 per cent of his series he 
classed as doubtful cases. Of the other cases, 34 per cent were re- 
garded as good controls, 7.e, there were practically no metabolic dis- 
turbances, while 66 per cent were classed as poor controls, 7.e. they 
had always or for long periods showed signs of severe metabolic 
disturbances. As to the complications, LUNDBAK showed that in his 
material retinopathy was significantly more frequent among poor 
controls than among good controls. Only for vascular syndrome of 
the feet were the figures less favourable for good control. LUND- 
BAK gives the following figures: 


Good Poor 


Control Control Difference 

Retinopathy 67 % 85 % Significant 
Renal disease os 26 % Not Significant 
Heart disease 32 % 39 % Not e 
Vascular syndrome of the 

feet 29 % 26 % Not me 
Abnormal capillary 

fragility 29 % 32% Not Y 


Calcifications of the arteries 
of the legs 
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In 1951, JAMES SHERILL reported on a series which he divided 
into two groups, those with the onset before the age of 18 and those 
in whom the onset occurred after this age. In the latter group (26 
patients) with a duration of diabetes of 20—38 years, none showed 
evidence of renal disease or impaired vision, although most had 
slight retinal changes, never more severe than those of type II in 
WAGENER’s scheme. Three of the patients had hypertension. In the 
other group, in whom the onset had occurred before the age of 18 
and consisting of 14 patients who had had diabetes for 20—-30 
years, 8 had their disease before the age of 10 and 4 since they were 
2—3 years old. None of these diabetics had any signs of nephro- 
pathy or impaired vision, although a slight degree of retinopathy 
as micro-aneorysms could be detected, and in a few exceptional 
cases isolated hemorrhages. No exudative patches or marked retinal 
changes were seen in SHERILL’s patients. In this group, 7 women 
had had 10 successful pregnancies. The therapeutic principles ap- 
plied to both of these groups were a constant regimen, the most 
important feature of which was, according to SHERRILL, that they 
had adhered to a constant low-caloric diet with a carbohydrate con- 
tent of 150—200 g.; the protein content was high but the fat con- 
tent was low, and the insulin dose was so adjusted that glycosuria 
and hyperglycemia were avoided during the major part of the day. 
But SHERILL thought it important to avoid hypoglycemic attacks 
and used either zinc protamine insulin or NPH insulin in one dose. 
SHERILL used 2 doses for all who could not be controlled with a morn- 
ing dose and stated that he believes it wrong to decrease the dietary 
restrictions in order to save one injection a day. The caloric intake was 
seldom more than 2,000 calories, but did not mean starvation, and was 
varied according to individual requirement. SHERILL had followed up 
his patients personally for over 30 years, and he believes that severe 
complications can be avoided by dietary restrictions, insulin and 
proper mode of life. The noteworthy feature of the material pre- 
sented is that, in spite of the long duration, none of the patients 
showed definite signs of the Kimmelstiel-Wilson syndrome. The 
4 patients who had had diabetes longest (38, 37, 36 and 35 years) 
had no albuminaria. 

Unry & Ducas of Paris (1952) reported findings similar to 
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those made by SHERILL, namely that hyperglycemia can be avoided 
by proper dietary regimen, including little fat and treatment with 
insulin in quantities sufficient to avoid hyperglycemia. They assail 
LICHTENSTEIN’s and STOLTE’s free diet and stress that, as their 
diabetics never showed Kimmelstiel-Wilson disease clinically or 
post mortem, the lack of such signs must be ascribed to the regimen 
and dietary restrictions and insulin in suitable doses. UHRY & 
Ducas tried free diet in a few cases but their figures did not cor- 
respond with those of LICHTENSTEIN. Further, they point out that 
these patients, who had high blood sugar values and marked glyco- 
suria at reviews, but nevertheless claimed that they felt well, often 
returned to hospital as acute cases of coma and after some years 
showed degenerative vascular changes in the kidneys or the eyes. 

MALTEN (1952), of a hospital for metabolic diseases in Baden- 
Baden, Germany, gave an account of his therapeutic principles. He 
does not believe in free diet, and his most important argument is 
that, with such regimen, it is rarely possible to carry out ambulatory 
treatment for any length of time. He believes that a stable, absolute 
hypoglycemia-safe control by means of the diet and insulin in pro- 
portion (and of course with regard to other principles) to be a 
fundamental rule for all insulin treatment. This is not possible with 
free diet, where the caloric intake and especially the carbohydrate 
consumption vary considerably. 

Despite the fact that many authors still recommend the free diet, 
relatively few have systematically analysed its effects. It was mainly 
LICHTENSTEIN and co-workers and ToLstol, GUEST and WEISSE 
who took up these problems. 

In 1949, LICHTENSTEIN reported some incomplete data on his 
material, which by that time included only 50 cases with a duration 
of 12 years or more. He found albuminuria in 30 per cent, hyper- 
tension with just as great a frequency, calcified arteries in 14 per 
cent and retinopathy in 60 per cent. He claimed that these figures 
compared favourably with those published by JOsLIN’s clinic. 

In 1952, LARSSON, LICHTENSTEIN & PLOMAN accounted for the 
results achieved in 257 cases treated at LICHTENSTEIN’s clinic up to 
the beginning of 1950. Ten of the patients could not be traced, and 
17 were dead. This left 230 patients, 110 of whom were still being 
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controlled at the clinic. The cases were examined with regard to 
retinopathy, albuminuria, hypertension, serum cholesterol, insulin 
dose and the occurrence of any peripheral arterial calcification. They 
compared the results with those reported by other authors. They 
conclude that their figures compare favourably with those for 
children with stricter dietary regimens and, further, that the in- 
cidence of complications is related to the duration of diabetes. 

Closer inspection of their figures shows that, of the 247 patients, 
only 187 were examined for retinopathy, 186 for albuminuria, 149 
for hypertension and only 114 for the occurrence of peripheral ar- 
teriosclerosis. Two hundred and four of the cases were studied for 
cholesterol values. In the retinopathy group, then, 60 cases were not 
examined and in the albuminuria group there were 61 patients 
missing. 

In 1953, Totstor described his clinical method, consisting of 
free diet and without the patients having to appear for review at 
short intervals as long as they felt well. He gave an acocunt of a 
couple of cases that had been in his clinic for a long time, as well 
as a table of the blood sugar levels in the two patients on diets with 
a high respectively low carbohydrate content. He states that, with a 
carbohydrate consumption of 100 gm. or 200 gm., some, though not 
striking, difference in the level of the blood sugar was noted. The 
present writer calculated the mean blood sugar values per day and 
the delta-blood sugar values (difference between the highest and 
lowest values during the day) and found that case “F. H.’’ had an 
average blond sugar value of 283 mg./100 ml. on the higher carbo- 
hydrate diet as against 190 mg./100ml.on the lower carbohydrate diet, 
while the 1-blood sugar was the same. For ‘“‘M. D.” on one occasion 
the mean blood sugar with the higher carbohydrate diet was 370 
mg./100 ml. and the 4-blood sugar was 389 mg./100 ml., while 
the corresponding values for the lower carbohydrate diet were 292 
mg./100 ml. respectively 232 mg./100 ml., which as far as “M. D.”’ 
is concerned must be regarded as very striking. ToLsTor attached 
great importance to the patients’ report as to how they felt, and he 
believed that once the patient has been properly controlled he need 
not be reviewed more than twice a year, and sometimes even less 
frequently, as long as the patient still felt well. At reviews he did 
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nct check the blood sugar vaues, because he thought these are necessary 
only for diagnostic purposes. He also claimed that the degree of gly- 
cosuria is irrelevant as long as the patients feel well, and ToLsTot 
thus permits a glycosuria of 100 gm. or more. Like BRENTANO, TOL- 
sto! believes that carbohydrate utilization is the most essential thing. 
In the above-quoted paper TOLsTOI gave some data. Among the pa- 
tients under his observation who had had glycosuria from 6 to 22 
years, 25 per cent had retinopathy, 31 per cent albuminuria (from 
1 to 4 plus) but none had hypertension. He gives no data on sex 
and age at the time of the onset of the disease, on the age at the 
time of review, on the duration of diabetes or on the number of 
cases that have been treated successfully. In commenting upon these 
figures, he says that “these results compare favourably with those 
of the Iowa investigators’, 7.e. JACKSON ef. al. In 1948, GRILL gave 
an account of a series of juvenile diabetics who had had the disease 
before they had reached 20 years of age and who had been observed 
for at least 10 years. GRILL’s series consists of 42 females and 63 
males and they had been on a free diet or at any rate on a less 
strictly regulated carbohydrate-rich diet. In his series, albuminuria 
was the first sign of complication and then hypertension, as a 
rule 1C—11 years after the onset of the disease, and retinopathy 
came later. The frequency of albuminuria in the entire series was 
23 per cent, with preponderance for the females (28 per cent), as 
compared with the males (19 per cent). GRILL believes that these 
observations, which are in line with the tendency reported in the 
literature, argue against the optimistic attitude of pediatricians to- 
wards freer diet in juvenile diabetes. 

KARLA WEISSE also reported good results with a free diet. In 
1951, she proclaimed her enthusiasm for STOLTE’s and LICHTEN- 
STEIN’s methods. WEISSE reported on 40 cases of originally 67 in 
the material. Of these, 40 had not shown any signs at all of 
complications, at any rate not of nephropathy. As her material con- 
sisted of cases that had been observed for only a short time, it 
is not possible to attach so much importance to the results as to 
those observed in a material consisting of patients observed for a 
long time. WEISSE gave the following distribution of the 40 
diabetics: 
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10 years’ duration 8 cases 
_ 
-_ 
a 
3 5 


One woman who had had diabetes for 10 years became pregnant, 
and, as far as the mother was concerned, pregnancy and parturition 
were free of complication, but the child died during delivery. 

Of all the investigations dealing with free diet, none of the 
authors have a satisfactory comparative series of controls. 

It appears that there is only one study available in which the in- 
vestigation was planned from the beginning on two materials, one 
on free diet and the other on restricted diet during the same period 
and under otherwise identical conditions. This investigation was 
carried out by ForsyTH, KINNEAR & DUNLOP at Edinburgh Uni- 
versity (1951). The materials in their work consisted of one group 
of 50 patients on a free diet (half of them were new discoveries 
untreated and the rest of such old patients as had not observed any 
dietary restrictions) and a control group consisting of 50 patients 
of corresponding ages and sex distribution as the free diet 
group and comparised of 34 males and 16 females. The controls 
were old insulin-treated patients of whom it was known that their 
dietary habits were very regular. They had been controlled 
earlier by the authors for several years, had been reviewed 
at the dietetic clinic of the Royal Infirmary, Edinburgh, had a stable 
diabetic disease and were patients on whom one could rely. None 
of the patients in any of the materials had complications at the 
beginning of the investigation. It might be mentioned that 
FORSYTH, KINNEAR & DUNLOP themselves only reported the ob- 
jective results, because they are not adherents of the free diet. 

The patients were not on free diet in the sense of STOLTE and 
LICHTENSTEIN, because they were not allowed sugar, jam, chocolate 
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and sweets ‘“‘with the object of avoiding wild fluctuations of carbo- 
hydrate intake’. Otherwise, however, the diet was the same as free 
diet. They hade from the beginning selected all patients who had been 
obese before the onset of diabetes, this in order to avoid any con- 
stitutional predisposition to obesity on comparison of the various 
types of diet on bodyweight. As to carbohydrate and calories, all 
cases in the control group except 2 had a carbohydrate intake of 
200 gm. or less. The 2 patients had 250 gm. The free diet patients 
had never had less than 200 gm. carbohydrates but instead 250— 
350 gm. and some of them even up to 500 and 550 gm. The supply 
of calories in this group was therefore somewhat larger than in the 
control group. 

The two groups were roughly comparable regarding bodyweight 
and the free diet group showed no tendency to overweight. On the 
other hand, these examinations showed that, if a diabetes patient 
is obese before the onset of the disease, the diet should be restricted 
in order to try to maintain a normal bodyweight. 

A comparison between the two materials regarding glycosuria 
showed that the control group lay about 50—75 gm. below the free 
diet group, but as the free diet patients had a larger total daily car- 
bohydrate utilization, the authors believe that carbohydrate meta- 
bolism was satisfactory. An investigation of the blood sugar 
levels in the various groups showed the same results, namely that 
the patients on the free diet had higher blood sugar levels and that 
many of them had hyperglycemia and that the fluctuations in the 
blood sugar level were greater than in patients in the control group. 

As to clinical reviews, it was found that free diet was not suit- 
able for 11 of the 50 patients belonging to this group, who were 
then placed on dietary regimen. The reasons were as follows: In 7 
cases the insulin dose reached 80 I. U. or more, which was regarded 
as unsuitable, and when these patients were placed on a restricted 
diet, the insulin requirements decreased considerably. In 2 cases 
insulin attacks appeared fairly often, and after changing the diet 
one of the patients improved. In the last 2 cases, in which the pa- 
tients were women, there occurred overweight and pruritus vulvae, 
which disappeated completely as soon as the diet was restricted. 
The insulin requirement was higher for the free diet group than 
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for the control group, and even after 5 years the insulin dose had 
to be increased if they were to be allowed to continue on free dic 
However, restriction of the diet permitted a decrease in the insulin 
requirement. 

In the younger age groups, the free diet patients who showed tly 
greatest increase in height also showed the greatest requirement fo: 
insulin. 

As to the occurrence of degenerative vascular changes, the frec 
diet group showed 4 cases of retinopathy, but no signs of vas- 
cular renal complications. It is uncertain how one should judge the 
effect of free diet on these eye changes. In view of the short ob- 
servation time of only 5 years, the authors make no conclusions on 
this point. 

In an Editorial in the same edition of the British Medical Jour- 
nal, it was also asserted that one cannot draw any definite con- 
clusions concerning the rdle played by the free diet in late com- 
plications, but, on the other hand, it is stressed that the investiga- 
tion did produce valuable evidence. It can hardly be correct to rc- 
gard the free diet as good as an adequate but controlled diet. It is 
to be hoped that ForsyTH, KINNEAR & DUNLOP will continue their 
investigations, so that they will one day be able to present data on 
the investigation covering a wider span of years. In the meantime, 
the editorial claims that it is for the time being suitable to try io 
attain as physiologic a condition as possible in the treatment of 
diabetes mellitus. 

Summing up, it is apparent that there is more evidence arguing 
against the use of a free diet than for it. This applies above all to 
the investigations by SHERILL (1951), UHRy & Ducas (1952) and 
FORSYTH, KINNEAR & DUNLOP (1951). 


CHAPTER VI 


DIETARY FACTORS IV 


THE INFLUENCE OF DIETARY CHOLESTEROL, SERUM 
LIPIDS AND RELATED FACTORS ON THE DEVELOPMENT 
OF LONG-STANDING DIABETES 


This chapter is concerned with a survey of the importance of 
dietary cholesterol and fat on the development of long-standing 
diabetes. 

The pathogenesis and prognosis of diabetes are related in some 
respects to certain problems bearing on atherosclerosis. This applies 
above all to the dietary cholesterol and fat, and particularly to the 
relationship between these factors and lipoproteins, the blood he- 
parinoid substances, lipotropic substances and the sex hormones. 
In the research of atherosclerosis, these problems have received wide 
attention and the relevant literature is extremely extensive and be- 
wildering. This abundance of the literature is probably to no small 
extent due to the fact that we know so little about the root of these 
complications that the discussions are often based to a fair degree 
on speculation. 

In recent years, however, these problems have been attacked more 
systematically by certain research teams (Keys ef al.; the GOFMAN 
group, AHRENS & KUNKEL, KATZ & STAMLER; GUTMAN, RITTEN- 
BERG, STEINER & KENDALL of various New York clinics; GUBNER 
& UNGERLEIDER, GROEN ef al. in Holland; and the MALMROs-BERG- 
STROM group, in Sweden. As far as diabetes is concerned, not only 
GOFMAN, ENGELBERG & JONES in Los Angeles, but also the JOSLIN 
clinic and BARACH & Lowy in Pittsburgh as well as MALMROS & 
SWAHN in Lund and LUNDBAK & POSBORG-PETERSEN in Denmark 
have contributed considerably to our knowledge in this field.) 

Before going into these questions on diabetes, it should be 
stressed that the form of arteriosclerosis discussed below is athero- 
sclerosis, the commonest and most important form, because it is 
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atherosclerosis that is responsible for the histologic manifestations 
causing the increased morbidity from vascular disease in diabct: 

mellitus, as well as the increased mortality from cardiovascular and 
sometimes also renal disorders. In addition, atherosclerosis is tl 
only type of arteriosclerosis that has any definite relationship to 
lipid metabolism (BARACH, 1952). The histologic changes are sccn 
in the intima and lead to encroachment of the arterial lumina. Thesc 
changes are independent of age and are not, as stated by AscHor® 
(cited by Katz & STAMLER, 1953), conditions which are “‘inevit- 
able natural processes of aging” and therefore not accessible to 
therapy. 

Diabetes favours the occurrence of atherosclerosis, although the 
underlying mechanism involved is not yet properly understood. 
Formerly, it was believed that these changes were due to hyper- 
cholesterolemia, which is so common in diabetes. Here it might be 
mentioned that many diabetics who have strictly observed dietary 
restrictions and insulin requirements have not hypercholesterolemia, 
but nevertheless have atherosclerosis. DUFF (1949) and later MANN 
(1951) showed that experimental alloxan diabetes in rabbits and 
monkeys can prevent the development of atherosclerosis by choicst 
erol-feeding. The effect of atherosclerosis on diabetes is still morc 
apparent from the frequency of coronary sclerosis in females. Root, 
BLAND, GORDON & WHITE (1939), who studied this point in an 
autopsy series, found the frequency of coronary occlusion for the 
50—60 year age group to be 8 times greater, and for the 60—70 
year group 5 times greater, among diabetic women than among non- 
diabetic women. The largest autopsy series on record is that reported 
on by CLAWSON & BELL (1949), who found that among their 
50,000 patients, coronary disease was twice as common among men 
with diabetes and 3 times as common among women with diabetes, 
than among non-diabetic patients. These figures support the view 
that atherosclerosis is more common among diabetics than among 
the rest of the population. 

Our knowledge of the biochemical and metabolic processes in- 
volved in the development of atherosclerosis in diabetes has been 
achieved, znter alia, by experimental investigations on animals. Ten 
years after MARCHAND (1904) had called the intimal changes 
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atherosclerosis, ANITSCHKOW (1913) was able to produce the same 
type of changes in the arteries of rabbits by cholesterol feeding. 
This observation prompted many to direct attention to the im- 
portance of cholesterol, especially as WINDAUs (1910) had already 
shown that the atherosclerotic foci in man contained among other 
things cholesterol. Since then, experimental and clinical research 
has added to our knowledge of atherosclerosis. 

The following hypothesis on the development of atherosclerosis 
gradually crystallized out. Increased consumption of dietary cholest- 
crol produces hypercholesterolemia and this accounts for the de- 
position of the substance in the intima of the vessels. The me- 
chanism involved in the imbibition of cholesterol in the intima has 
been the subject of much research (LEARY, 1941, HUEPER, 1945, 
BEVANS, 1949). In rabbits it has been shown that after injection 
of a suspension of 0.5 gm. cholesterol intravenously, the cholesterol 
injected can be demonstrated as lipid substance in the intima of the 
aorta within 3 hours (SEEGAL, 1949) by which time a small amount 
of lipid substance can also be recognised in the Kupffer cells of the 
liver. Not until 24 hours later do the liver cells contain an abund- 
ance of lipid substance and then the endothelial cells of the entire 
wall of the portal veins stains with Sudan. This also applies to the 
aorta, 7.e. the changes occur first in the intima already within 
3 hours — and then, 24—-72 hours later, in the interna elastica and 
the upper layers of the media. After the endothelial cells of the 
intima are no longer coloured, cell proliferation with typical foamy 
endothelial cells is seen. This appears 72 hours after the injection. 
This proliferation persists for about 2 months. Within 6 months, 
both the lipid changes and the intimal proliferation in the aorta 
disappear, The changes in the Kupffer cells and in the cells of the 
parenchyma decrease after about 1 month and persist longer in the 
former than in the latter. Not until after 24 hours do the vessel 
walls and glomeruli of the kidneys show lesions, which gradually 
disappear within a week. Judging by these investigations in rabbits, 
it appears that the cholesterol can pass through the intact endothe- 
lium of the intima and in this way form an atheromatous plaque. 
Not until afterwards does the cholesterol accumulate in the liver. 
Such changes can sometimes be demonstrated after cholesterol feed- 
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ing. In an investigation on rabbits, BRAGDON (1951) showed that 
these changes also occur on intravenous injection of hypercholest- 
erolemic serum from cholesterol-fed rabbits. To this, Katz & 
STAMLER (1953) add that it “strongly supports the concept that 
phagocytosis by the intima of larger aggregates is a key initial pro- 
cess in atherogenesis ’’. 

Another important point in the problem of atherosclerosis merits 
mention, namely changes in the so-called ground substance and 
basement membrane of the arteries. Since the time of ASCHOFF, 
pathologists have claimed that the first demonstrable sign of arterio- 
sclerosis is hyperplasia of the ground substances, which leads to a 
splitting up of the basement membrane. On the basis of investiga- 
tions carried out by MEYER (1949) and by RINEHART & GREEN- 
BERG (1951), it has widely been accepted that in atherosclerosis the 
collagen and elastic tissue substrate of the arterial wall, which con- 
stitute an integral part of the ground substance and basement mem- 
brane, undergo changes early. 

The serum cholesterol values vary, among other things, with age 
(Keys, 1952). The cholesterol content gradually increases up to the 
age of 50-——55 years, when it begins to decrease slightly. In males, 
the values increase quicker than in females. GROEN (1952) showed 
that the cholesterol level changes under the influence of various 
forms of stress and in the presence of infection. 

The most important changes in the serum cholesterol level are 
related to the diet. MALMROS’ investigation of the frequency of 
diabetes and mortality from coronary sclerosis in various countrics 
with different food rations during World War II argues strongly 
for the influence of diet on the morbidity and mortality of athero- 
sclerosis and diabetes. MALMROS (1950) showed that the mortality 
from atherosclerosis in Sweden was higher before, during and after 
World War II than in Norway and Finland, and, further, that dur- 
ing the war Sweden also showed a similar decrease in deaths from 
arteriosclerosis as did both countries from 1942, which, for Sweden, 
were “‘lean’’ years, as MALMROs called it. During the war, the short- 
age of fat and cholosterol-high foodstuffs was not so great in Den- 
mark and U. S. A., and in these two countries the mortality from 
atherosclerosis showed, if anything, a slight increase, and at any 
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rate it did not decrease to the same extent as in other countries, 
where fats were rationed. As far as Sweden is concerned, MALMROS 
also reported that the consumption of cholesterol-rich foodstuffs was 
greater than in Finland and Norway, in which countries the mort- 
ality from arteriosclerosis was lower than in Sweden. PIHL (1952), 
however, did not find the cholesterol content of the rations in Nor- 
way to have been less during the years under consideration. During 
the shortage of food, the mortality from diabetes mellitus de- 
creased in Sweden, especially in 1942 and 1943, during which the 
food supply was shortest. After the war, when the caloric consump- 
tion again increased, diabetes mortality also increased. Dock (1950) 
pointed out that even during World War II the frequency of co- 
ronary heart disease was greater among American soldiers than 
among British, who had for a much longer time been short of eggs, 
butter, ice-cream, milk and cream. The investigation was carried out 
on soldiers in various camps and training centres. 

Of other investigations with similar results, mention might be made 
of the fact that, according to KUCZYNsKI (1925), nomads on the 
Kirghiz Steppes, who consume fair quantities of fermented mare's 
milk, show a high frequency of arteriosclerosis. STEINER (1946) 
found the opposite to be the case for Okinawans, who, living on a 
carbohydrate-rich but fat-poor diet, showed a very low frequency 
of arteriosclerosis. A number of other investigations of various races 
with different dietary habits and the relationship between arterio- 
sclerosis and diets gave one and the same result. 

It has, however, been shown that the serum cholesterol level is 
not the only factor of importance, and that it is not only the dietary 
cholesterol that is of significance, but also the endogenous cholest- 
crol synthesized in the liver and in the adrenal cortex (CHAIKOFF, 
1949) from simple chemical compounds containing acetate. If the 
dict is high in cholesterol, the serum cholesterol level will rise, and, 
if at the same time large amounts of fat are included in the diet, 
the increase in the level of the blood cholesterol will be still higher, 
because the cholesterol is more readily absorbed from the intestine, 
and the metabolism of endogenous cholesterol is accelerated by 
a high fat diet. 

Further support for this opinion is provided by observations made 
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during World Wars I and II, when the frequency of arterioscleros 
decreased. In addition to what was said above concerning the i: 
vestigations of MALMROs, it might be mentioned that VARTIAINE\ 
and KANERVA (1947) found a low frequency of arterioscleros:s 
in Finland during World War II, and BrozEk, WELLS & Krys 
(1946) reported a decrease of coronary thrombosis during tlic 
famine in connection with the siege of Leningrad. Lups & FRANCK! 
(1947) observed lower blood pressures among the undernourished 
Dutchmen during the German occupation in World War II. The in- 
vestigations carried out in peacetime in Minnesota by Keys e/ al. 
(1950) showed that, during starvation or semi-starvation, the serum 
cholesterol content decreases, as does synthesis of cholesterol in the 
liver. 

The phospholipids, which help to keep the serum clear, are in- 
fluenced but slightly by the composition of the diet. According to 
AHRENS & KUNKEL (1949) the phospholipid/totallipid ratio of 
milky serum is about 0.20. It is known from the works of CHAIKOr! 
et al. that the earlier conception that the phospholipids act mainly 
as transport organs of fatty acids is wrong. 

It is believed that the phospholipid/cholesterol ratio is of etiologic 
importance in atheromatous changes. Normally, this ratio, accord- 
ing to AHRENS & KUNKEL, is about 1.0—1.3, but in arteriosclerosis 
it is, as a rule, less than 1. POMERANZE & KUNKEL (1950) also 
showed that in diabetics the quotient is less than 1 in those with 
signs of arteriosclerosis, while in the others the value is usually over 
1. Of 50 patients examined, the phospholipid/cholesterol ratio was 
below 0.89 in 84 per cent of diabetics with arteriosclerosis of severc 
type. This value is believed to be more significant than simultaneous 
determinations of the cholesterol and total lipids for the occurrencc 
of atheromatous vascular injury, because it has been shown that pa 
tients with biliary cirrhosis, in whom both serum cholesterol and 
serum lipids are considerably increased, do not often show signs of 
arteriosclerosis because of the simultaneously relatively large in 
crease of phospholipids with the result that the phospholipid/cho- 
lesterol ratio is more than 1. 

MorRIsON (1952) has published a number of studies on similat 
investigations of patients with coronary arteriosclerosis. In addition 
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partly by himself and partly in co-operation with GONZALEs (1949), 
he treated his patients with different lipotropic substances, among 
other things, betaine and choline. In a group of 21 patients with 
coronary sclerosis, in whom the phospholipid/cholesterol before 
treatment was on the average 0.99, the ratio was increased to 1.24 
within half a year’s treatment with betaine, besides which the pa- 
ticnts reported that they felt much better, the cardiac pain subsided, 
the patients had less dyspnea on exertion and better working 
capacity. 

Generally speaking, lipotropic substances such as choline, 
methonine, betaine, inositol and the like are believed not to have 
any effect on atherosclerosis in diabetes, despite the favourable re- 
sults claimed by various authors in the treatment of both arterio- 
sclerosis and certain forms of diabetes (DRAGSTEDT e/ al. 1936, 
cit. by JOSLIN). PELNER and co-workers (1948) studied the 
effect of choline in a number of cases of diabetes. Later in- 
vestigations by the CHAIKOFF school with radioactive carbon 
showed that choline has a stimulating effect on lecithin meta- 
bolism in the liver (especially in fatty-liver) which in turn can 
also lead to acceleration of the choline-containing serum phos- 
pholipids (PEDERSEN, 1952). 

In recent years 2 number of investigations on serum lipids and 
lipoproteins have increased the interest in the research of athero- 
sclerosis and thereby of diabetes. GOFMAN and co-workers (1950) 
studied the relationship between lipoproteins by means of an ultra- 
centrifuge method and contributed with valuable information on the 
physical-chemical characteristics of the serum lipids in both healthy 
persons and in various diseases, above all, in arteriosclerosis. 
GOFMAN ef al. showed that in arteriosclerosis the lipoproteins of a 
particular molecular size and with a certain flotation rate were more 
abundant than in normal persons. Cholesterol is found in some 
lipoproteins, which can be shown partly by serum-protein fractiona- 
tion according to COHN and partly by an electrophoresis in filter 
paper medium by the method of SWAHN. 

It has been shown by GOFMAN and co-workers that the lipopro- 
teins with a flotation rate of S, 11 (12)—20 occur in much greater 
quantities in atheromatosis and that this probably favours the devel- 
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opment of atheromatosis. ENGELBERG, GOFMAN & JONES (1952) 


reported that diabetic patients with Kimmelstiel-Wilson’s diseasc 


show increased lipoproteins in class S$; 12—20 and in addition 


more than what might be expected from the cholesterol values of 


the patients. Even concerning lipoproteins in class S- 20—35, 
there was an increase, while the S$, 35—100 class did not deviate 
from normal. In addition to these findings, he also recorded in- 
creased serum cholesterol and phospholipids in most cases. HANIC 
& LAUFFER (1952) also studied lipoprotein values in diabetes, 
but found that in their series, which was smaller than that of the 
Gofman group in Berkeley, no statistically significant difference 
was demonstrable between diabetics and normal persons. On the 
other hand, KEiDING, MANN, Root, LAwry & MARBLE (1952) 
of the Joslin clinic confirmed Gofman’s figures and added that a 
group of diabetics with poor control showed an increase of S; 12 
—20 lipoproteins over 50 mg./100 ml. in 32 per cent of the cases, 
those with “fair” control in 17 per cent and finally among diabetics 
with “good”’ control in 10 per cent. Diabetics with nephropathy 
and retinopathy showed much higher values for lipoproteins of the 
S; 12—20 class. 

Good agreement has been shown between values for lipids, as de- 
termined by the ultracentrifuge method, and for lipoproteins accord- 
ing to GOFMAN, and by the method most commonly used, namely 
COHN’s microfractionation technique. According to Cohn’s method, 
normal lipids are found in Fraction IV +- V + VI and Fraction I +- II], 
while in Fraction II only traces of lipids are demonstrable. In Fraction 
IV + V+ VI are lipids which are mainly associated with alpha,- 
globulin and alpha lipoprotein, while the lipids in Fraction I + II] 
are usually seen together with beta,-globulin in the form of beta 
lipoproteins, The various lipid components of Cohn’s various frac- 
tions have been studied, and it has been found that cholesterol oc- 
curs in higher concentrations in Fraction IV + V + VI in females 
in ages ranging from 18—35 years than in the same fraction in the 
same age group for men, but no such differences were found for 
the 45—65 year age group. The phospholipid/cholesterol ratio in 
Fraction IV + V-+ VI is 0.5, while in Fraction I + III the cho- 
lesterol content is higher. Neutral fat seems to occur most in Frac- 
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tion I + III. In diabetics and in patients who have had myocardial 
infarction, a larger amount of cholesterol has been demonstrated in 
Fraction I+-III, while the cholesterol value of the other fractions was 
lower, In diabetics it has been shown that insulin and dietary regimen 
gradually controls the pathologic distribution. The administration 
of estrogenic substances to men who have had myocardial infarction 
has a distinct effect, in that the increased cholesterol content of 
Fraction I + III is regularly decreased, and increased in Fraction 
IV+ V+ VI, ze. the distribution was normalized. MALMROS 
(1954), who used Swahn’s electrophoretic method, also showed 
that alpha lipoproteins increase in association with the administra- 
tion of estrogen at the same time as the high beta lipoprotein peaks 
decreased. 

When it comes to comparing Gofman’s Sy classes with alpha, 
lipoproteins and beta, lipoproteins, certain difficulties are en- 
countered, because the authors do not use one and the same nomen- 
clature. In Gofman’s method, the lipoproteins are concentrated by 
the addition of sodium chloride, so that the specific gravity is 1.063. 
On subsequent centrifugation the lipoproteins with low specific 
weight are found in the supernatant. These lipoproteins are divided 
into various fractions according to their flotation rates, and are 
measured in S; units (Svedberg units of flotation, 1 S, unit — 10 
cm/sec/dyne/gm.). GOFMAN efdl. found that serum normally 
contains lipoproteins with low specific weight with S, values be- 
tween 3 and 8, and this group is believed to correspond to beta 
lipoproteins according to Cohn’s nomenclature. Lipoproteins of the 
S; 12—20 class were found in increased quantity in atherosclerosis 
and S; values of more than 40 were found to increase after fatty 
meals and were assumed to consist of chylomicrons. In this scheme 
it is difficult to fit in the alpha lipoproteins, because they have a 
higher specific weight than 1.063 and therefore, on centrifugation, 
they are found in the sediment. 

Summing up, then, it may be said that cholesterol and phospho- 
lipids can shift between alpha lipoproteins (Fraction IV -+ V+ VI) 
and beta lipoproteins (Fraction I +- III), both in healthy persons 
and in diseased, and further that, in atherosclerosis and certain 
forms of diabetes, the beta lipoproteins, which also normally con- 
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tain the greatest amount of cholesterol, may be increased. In boii; 
atherosclerosis and diabetes, the serum cholesterol level may be nu 
mal, but the above-described increase of the cholesterol in the beia 
lipoproteins is common. An important observation is that the ad- 
ministration of estrogen in these diseases causes the cholesterol iv 
pass over to the alpha lipoproteins. 

GOFMAN etal. (1950) directed attention to the effect dc- 
monstrated by HAHN (1943) of intravenous injection of heparin, 
namely that heparin has the power of clearing the serum in cascs 
of alimentary lipemia. ENGELBERG, GOFMAN & JONES (1952) tre- 
ported a distinct improvement of edema, and proteinuria in dia- 
betics with Kimmelstiel-Wilson’s disease, and in addition showcd 
a decrease in the increased lipoproteins of S; classes 12—20. These 
changes occurred only if the heparin was injected daily. The samc 
shift in the serum lipoproteins have since been shown by several 
authors (BARACH & Lowy, 1952, Hoop, 1953, SWAHN, 1953) 
in, ‘ter alia, atherosclerosis and in alimentary lipemia. The 
heparin produces a change in the size of the lipoprotein mo- 
lecules, so that they shift from higher Sp values of lower. This 
generally occurs in two stages. First, the Sp 100 lipoproicins 
decrease rapidly to S; 10—100, and finally, within a few 
hours, they gradually decrease to Ss 10 and lower lipoprotein 
classes. The decrease in chylomicrons can be observed under 
the microscope in darkfield illumination (GRUNER, HILDEN, K.. 
and HILDEN, T., 1953). In the electrophoretic pattern the beta 
lipoproteins decrease, while a definite peak is seen immediately 
after the albumin corresponding to alpha, globulin, and this prob- 
ably represents alpha lipoprotein. The cholesterol shifts from th: 
beta lipoprotein, probably to the alpha lipoprotein. 

The lipemia-clearing effect of heparin is usually explained by, 
heparin and a precursor substance, which might be assigned to 
Cohn’s Fraction IV—I, is bound to a heparin-lipid-protein complex 
( NIKKILA, 1953). 

It has been shown (NIKKILA & MAJANEN, 1952) that blood 
normally contains heparinoid substances which are believed to bi 
responsible for the clearing up of normal alimentary lipemia. Th: 
occurrence of heparinoid substances in serum was demonstrated b 
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Allen’s protamine titration. Protamine has the power to inhibit the 
cffect of heparin on chylomicrons and lipoproteins. It has also been 
shown that the protamine binding capacity of the serum of patients 
with atherosclerosis is decreased. 

As known, heparin is a polysaccharide, and because of the sup- 
posed importance of mucoproteins as components of the ground 
substance they are also of importance in the development of 
atheromatous vascular changes. Heparinoid substances, or rather 
the lack of these, has been regarded as a link in the pathogenesis of 
human atherosclerosis (NIKKILA, 1953). 


CHAPTER VII 


LIVER FUNCTION IN DIABETES MELLITUS 


As known, the liver occupies a central position in various meta- 
bolic processes of the organism. 

In diabetes, liver function is of great importance. 

Although the physiology of the liver bears more on the theoretical! 
research of diabetes, it is nevertheless useful for the clinician to 
have at least a fair idea of the physiology of this organ and of the 
metabolic processes in which it partakes. 

The discussion of glycogenesis, glyconeogenesis, glycogenolysis, 
liver rhythm and other intermediary metabolic reactions in diabetes 
mellitus lies beyond the scope of the present investigation. Neither 
will the important studies of MANN, SOSKIN & LEVINE (1947), 
Drury ef al. (1952), DE DUVE (1952), STETTEN (1949), MOLLER- 
STROM (1952) and others be dwelt upon. Reference will be madc 
only to the extensive and reliable work Leverens Glukosaf gift unde 
insulinpaavirkning by the Danish physiologist KELD STEINCKI 
(1951). 

The function of the liver is manifold. It partakes as the main 
organ in the reticulo-endothelial system by being active in the de- 
fence reactions of the organism /n/er alia by its detoxifying power. 
The liwer also plays a rdle in the formation and splitting up of 
steroids, in which process the entero-hepatic circulation of estrogens 
constitutes an important link. The mechanism of coagulation, the 
formation of serum proteins and glycoproteins are other partial 
functions of special importance in diabetes. 

The study of the liver was included in the present investigation 
because, as pointed out in the Introduction, several authors have 
claimed the importance of the liver in the development of long- 
term diabetes. 

In a series of papers RABINOWITCH (1935, 1948) stressed the 
part played by the liver in the occurrence of arteriosclerotic late 
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complications and expressed the view that especially the detoxify- 
ing properties of the liver are important in this respect. According 
to this author, patients on a high-caloric, low-fat diet showed a 
higher frequency of impaired liver function than did those on a 
high-carbohydrate, low-caloric diet. By measuring the intolerance 
reaction to indole, RABINOWITCH studied the detoxifying properties 
of the liver, which partial function he usually found impaired in 
diabetics with arteriosclerotic changes, but not in those without 
arteriosclerosis. He also stressed the protection of the liver by ample 
carbohydrate supply, but at the same time emphasized the import- 
ance of observing CHAIKOFF’s recommendation to spread the daily 
carbohydrate intake over several meals a day because of the protein- 
sparing effect of carbohydrates. 

RABINOWITCH thus attached most importance to the capacity of 
the liver to detoxify toxic substances absorbed from the intestines, 
because if this detoxifying power fails, the toxic substances will 
exert their effect on the heart, vessels and kidneys, and then arterio- 
sclerotic changes can readily develop. 

MorTON BISKIND (1951) also stressed the central réle of the 
liver in the development of arteriosclerosis in diabetes, and by giv- 
ing his patients poly-vitamin preparations, above all vitamin B and 
lipotropic factors such as choline, methionine and the like he main- 
tained a normal liver function and thereby protected his diabetics 
from cardiovascular derangement. Choline has been administered as 
an anti-sclerotic remedy. Its value in arteriosclerosis has now been 
denied by many, but the agent is still used by some in the treatment 
of cirrhosis, for example. It has been found that patients with cirr- 
hosis of the lever excrete a certain amount of an oral test dose of 
choline, while normals do not, because in the latter the choline 
is rapidly broken down in the organism. The observations was made 
at [imenez-Diaz Research Institute in Madrid (1948). The method 
was afterwards applied by PELNER ef al. (1952) who obtained the 
same results as the Spanish research workers. In acute hepatitis, 
scrum hepatitis or cholecystopathy, no such excretion of choline 
occurs. 

As it has been realized in recent years, probably mainly because 
of GOODMAN’s (1951) observations, that the liver is frequently in- 
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volved in diabetes, several other clinical investigations have been 
carried out. 

Many authors have reported a fairly high frequency of impaired 
liver function in diabetes. In 1946 Gray, Hook & BaTTy found 
the liver to be impaired in 38.6 per cent of 247 diabetics, as judged 
by the results of serum colloidal gold reaction, and that patients in 
whom the diabetes was poorly controlled showed a higher fre- 
quency (43.2 per cent) than in the well controlled cases (21.1 per 
cent). 

Of other investigations, mention might be made of Meyer 
(1931) who found liver function to be impaired in 28 of 100 
diabetics. In his first study RABINOWITCH determined the serum 
bilirubin and urobilinogen in the urine in a series of 3.000 cascs 
and found each of these two values to be pathologic in about 27 
per cent. 

LeEvy, RYAN & FINEBERG (1950) carried out a careful in- 
vestigation on 380 patients. Their investigation was based on a 
large number of liver function tests (serum biblirubin, bromsul- 
phalein excretion, tota. serum cholesterol and esters, serum albumin 
and globulin, cephalin-cholesterol flocculation tests and in certain 
cases oral or intravenous glucose tolerance, phosphatases in the 
serum, thymol turbidity tests and prothrombin determinations ). 
They also found signs of hepatic dysfunction. In the entire material 
the frequency of liver complications was 38.9 per cent. Of 130 
diabetics, complications of various sorts such as tuberculosis, coma, 
obesity and vascular lesions as well as long-term diabetic symptoms 
were seen. In these cases liver function was pathologic in altogether 
55.3 per cent, while in the subgroup of diabetics with vascular 
complications the figure was 40 per cent. The remainder of the 
cases, 7.e. without vascular complications, liver function disturbances 


were recorded in only 30.4 per cent. 

In addition liver biopsy specimens were taken from 30 patients 
with the following results: of 8 patients who had a normal liver 
function, 6 showed normal histologic features and 2 showed signs 
of fatty metamorphosis, while of the remaining 22 diabetics wit! 
impaired liver function, the histologic characteristics of the live: 
were normal in 9. As to the other 13 patients, a varying degree o! 
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liver involvement with advanced injury of the type portal cirrhosis 
was seen 1n 8. 

ZIMMERMANN, MACMuRRAY, RAPPAPORT & ALBERT (1950) car- 
ricd out extensive and accurate investigations on 28 well controlled 
diabetics, from whom liver biopsy specimens had often been re- 
moved. They found a certain degree of vacuolization of the liver 
nuclei in half of the cases fatty metamorphosis in 8 cases hemo- 
siderin deposits and in 3 liver cirrhosis. Liver function tests, how- 
ever, did not show such pronounced signs of dysfunction, and the 
examiners stressed the poor agreement between the histology and 
the laboratory findings in these cases. On the other hand, in a later 
investigation on the same patients, a positive correlation was found 
between the occurrence of fatty metamorphosis and insulin resist- 
ance, as determined by the glucose-insulin tolerance test according 
to HIMSWORTH. 

Although ZIMMERMANN ef dl. could not show any positive cor- 
relation between the occurrence of liver dysfunction and poor di- 
abetic control, such differences have been found by REINBERB & 
Lipson (1950), in which fatty liver was noted in 51 per cent of 
the diabetics who died in coma and in 15 per cent of non-diabetics, 
but only in 12 per cent of diabetics who did not die in coma, and 
this is also obvious in the investigations of GRAY ef al. (1946) and 
Leevy (1950) and co-workers cited above. 

The results presented by JOSLIN ef al. (1952) also appear to 
argue in the same direction. In this material hepatic dysfunction in 
adults was said to be fairly rare. According to the pronciples of 
treatment applied at JOSLIN’s clinic, attempts are made to achieve as 
normal a blood sugar level as possible, for which reason one should, 
perhaps not expect too a high a frequency of liver dysfunction 
among adult diabetics controlled at that clinic. 

In a few papers, one from 1951, GOODMAN pointed out that 
hepatomegaly is a fairly common complication in diabetes and is 
just as common among young as among elderly diabetics. Hepa- 
tomegaly is diagnosed by percussion of the liver along the mid- 
davicular line, and in adults GOODMAN set the upper border of the 
normal liver at 7 cm. above the costal margin 1n women and at 
715 cm. in men. The commonest cause of hepatomegaly 1s poor 
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diabetic control, even though other causes may play a certain rdle, 
and GOODMAN states that in his material of 459 patients hepatom- 
egaly was recorded in 9 per cent of those well controlled, but in 
60 per cent of those poorly controlled. In addition, liver enlarge- 
ment — as a rule acute and painful — was noted in 10 cases with 
keto-acidosis. 

These frequencies were not noted in all investigations and parti- 
cularly not during earlier periods, before the percussion of the liver 
was used in the diagnosis of hepatomegaly. Thus BROWN (1949) 
examined 25 patients of varying ages (15 were acidotic at the time 
of the examination) with 8 different liver function tests, but found 
pathologic bromsulphalein retention in only 1 patient with keto- 
acidosis, in all of the others the tests were normal. In 3 cases 
needle biopsy of the liver was performed, but neither here were 
any signs of a pathologic condition observed. The author believed 
that methods hitherto available are too crude to demonstrate im- 
paired participation of the liver in carbohydrate metabolism. 

FRANKEL, ASBURY JR. & BAKER (1950) also believe that hepatic 
dysfunction is not particularly common in diabetes mellitus. They 
base their opinion on an investigation of the liver function of 139 
diabetics. Of these, the liver function was found to be disturbed in 
46, but only in 18 of ther could the dysfunction be ascribed to 
diabetes. Coexistent liver cirrhosis and diabetes was very uncommon, 
and only in 1 case of 36 was diabetes regarded as the cause of cause 
of the cirrhosis. 

According to LrEvy ef al. (1950) liver function tests are of 
value in hepatomegaly due to fatty metamorphosis. Their investiga- 
tion of 30 patients by means clinical liver function tests and histo- 
logic examination of needle biopsy material is informative as to thc 
laboratory tests which should be performed in various stages of liver 
disease. In fatty metamorphosis, which according to CONNOR 
(1938) and HiMsworTH (1950), is to be regarded as a pre-stage 
of cirrhosis, LEEvy ef al. found positive results of cephalin-choleste- 
rol flocculation tests to be fairly common. 

In view of the central rdle played by the liver in fat metabolism, 
it is believed that the influence of the liver on the development of 
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long-term diabetes is mediated by the various endocrine systems of 
the body. 

It is not intended here to take up problems bearing on the fat- 
cholesterol-probleme, but to refer to an investigation by PIERCE & 
GOFMAN (1951) on the relationship between the lipoproteins, the 
liver and atherosclerosis, Clinically, atherosclerosis sometimes appears 
to be less common among patients with liver cirrhosis as is the case 
with certain types of hypertension. It is possible to depress the hy- 
pertension of renal hypertensive dogs by producing biliary cirrhosis, 
which was stressed by RAASCHAU & TRAUTNER (1953) as probably 
being due to the V.D.M. and V.E.M. — action according to SCHORR 
el al. WILENS (1947) showed that there is no difference in the fre- 
quency of atherosclerosis in non-diabetics with and without liver 
citrhosis. PIERCE & GOFMAN carried out a long-term study on 34 
patients with long-standing liver cirrhosis or chronic hepatitis. The 
patients, males and females, ranged in age from 17 to 72 years and 
some of them were observed from the very acute stage of the hepa- 
titis. They found just as high, and in some cases still higher, values 
for the S, 10—20 classes of lipoproteins as for normals, which 
suggests the importance of the liver in atherosclerosis. 

In liver cirrhosis, considerable hormonal disorders are not un- 
common. The 17-ketosteroid excretion is not infrequently low and sug- 
gestive of impaired adrenocortical function and/or hypopituitarism. 
Hyperestrogenism on account of lack of inactivation of estrogenic 
substances in the cirrhotic liver causes /nter alia a decrease of some 
of the hormones of the hypophysis, above all of the gonadotrophic 
and thyrotropic hormones, possibly also of the growth hormone 
(STH). As known, the STH influences not only skeletal growth, 
but also the pancreas, and it is also believed that the growth hor- 
mone is probably responsible for the effect of the hypophysis on 
the deposition of fat in the liver. 

It has been regarded by ZIMMERMAN ef dl., for example that the 
insulin sensitivity often observed in patients with impaired liver 
function is due to the action of the hypophysis. Whether the hypo- 
physeal effect is exerted via the adrenals or directly on the utiliza- 
tion of the peripheral glucose is not known. 

The hepatomegaly forming a component of Mauriac’s syndrome 
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in childhood diabetes has been the subject of extensive investigation 
and, according to ENGEL, children with these syndrome are more }i- 
able to have diabetic late complications of cardiovascular-renal type 

This condition was described by the Frenchman P. Mauriac in 
1930 and 1934. Since then a number of series and complications 
have been reported, and clinical experience has shown that the pic- 
ture of the disease can vary in that not all of the typical symptoms 
of the syndrome are regularly present. In the severe cases the syn- 
drome is characterized by usually pronounced hepatomegaly, which 
can lead to abdominal protrusion, more or less pronounced dwarfism 
(usually of hypophyseal nature), hypogenitalism and an obesity 
with “moon face’. When the syndrome develops in diabetic 
children, it does so as a rule 2—6 years after the onset of the dia- 
betes, which generally occurs between the ages of 3 and 7 years and 
seldom over 10. Often, however, not all of these symptoms are pre- 
sent, and the so-called “formes frustes”’ is fairly common. 

Hepatomegaly has been conceived partly as a fatty liver, possibly 
with a lack of lipotropic substances as in DRAGSTEDT’s experimental 
observations in dogs that could be cured with lipocaic, and partly 
as a pure lack of insulin. Most authors, however, share the opinion 
of the JosLIN clinic, namely that the liver changes subside if the 
diabetes is controlled by dietary measures and the use of zinc prota- 
mine insulin. As to the histologic changes in the liver, there might 
be fatty infiltration, but as a rule the liver cells contain glycogen 
and abundant fluid. KRARUP & IVERSEN (1940) followed 2 cases 
with repeated liver biopsy studies and found only increased fluid 
content of the liver, possibly with hydropic degeneration, and these 
histologic changes disappeared in connection with improvement of 
the metabolism. WHITE & MARBLE (1952) in Joslin’s Treatment 
of Diabetes Mellitus state that nowadays 100 per cent recovery from 
hepatomegaly can be expected. MARBLE, WHITE, BOGAN & SMITH 
(1938) of JosLIN’s clinic reported a decrease in the size of the liver 
in 79 per cent. Many of these patients had been treated before with 
betaine for several months, and in about half of the 60 cases the 
liver decreased in size. 

Hepatomegaly is more common in poorly controlled cases of 
diabetes. In addition, the insulin dose is often low. The dietary con- 
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trol with restricted food intake has been regarded as important by 
many, because such children have been considered under-nourished 
regarding calories and vitamins. 

Most frequently the syndrome attacks children between the ages 
of 10 and 15 years, 7.e. during puberty, when there occurs a general 
hormonal change and when the hypophysis is extremely susceptible 
to injury, especially by under-nourishment. Insufficient production 
of hypophyseal hormones have been reported in starvation or under- 
nutrition. The supply of gonadotropic hormones is impaired most, 
but also the production of the growth hormone and the adrenocorti- 
cotropic hormone is influenced. A hypophyseal influence can very 
probably be assumed and WHITE suggests that there is first hyper- 
activity, and above all in the premorbid stage, and that this is 
followed by impaired function. It is possible that the supposed hy- 
pofunction of the pituitary is due to under-nourishment. RAIHA 
(1939) reported 2 cases, in one of which the patient had enlarge- 
ment of the sella turcica due to an expansive process and in the 
other patient there was a sella turcica parva. This supports the hy- 
pophyseal theory, as does ENGEL’s material, in which one of the 
patients, who died from malignant nephrosclerosis showed a hypo- 
plastic hypophysis with sparse cells, testical hypoplasia with under- 
developed epithelium without spermiogenesis (Wt. of testis = 2.8 
gm. in a patient aged 22 years) and a hypoplastic thyroid. The 
adrenals were described as normal. Hypophyseal influence in these 
cases is suggested among other things by the therapy ex juvantibus 
with hypophyseal extract containing the growth hormone with 
which WHITE of the JOSLIN clinic and GREENE, JANUARY & SWAN- 
SON (1941) reported good results. 

A factor arguing against under-nutrition is the appearance of the 
children, They are as a rule fat. They often show a tendency to what 
is generally known as “‘moon face’. FREUDENBERG (1947) suggested 
a theory, according to which hepatomegaly is often ascribable to 
recurrent ketosis and acidosis. During attacks of ketosis the protein 
balance is always negative and it often takes several weeks before 
the body has recovered from it. Recurrent attacks of this type can, 
according to FREUDENBERG (1947), lead to a loss of important 
amino-acids, 7nter alia methionine, which might in turn lead to a 
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lack of lipotropic factors. The administration of choline, betaine , 
other lipotropic substances, which have been claimed by authors 
give good results in the treatment of diabetic hepatomegaly would 
thus be understandable. 

One of the commonest symptoms of these patients is, in addition 
to the tendency to recurrent ketosis, hypoglycemia, which like 
ketosis, is due to the poor control of the patients. Many observations 
suggest that in juvenile diabetics with Mauriac’s syndrome, in which 
hypoglycemia alternates with hyperglycemia and recurrent ketosis, 
the adrenal cortex might be stimulated with resultant increased cx- 
cretion of corticosteroids. Such hyperfunction can be readily re- 
cognized by the increased excretion of 17-ketosteroids, 11 oxyster- 
oids, 7.e. the so-called glucocorticoids, and eosinopenia. These ob- 
servations have been reported by MACARTHUR ef dl. (1950), 
HINKLE & WOLF ef al. (1952), WOLFF (1953) and by others. 

The investigations of BEsT and co-workers (1953) showed that 
insulin is a growth factor. By injecting first small amounts of zinc 
protamine insulin into hypophysectomized rats and then increasing 
the dose, SALTER & BEsT showed that it was possible to avoid at- 
tacks of hypoglycemia and demonstrated the rdle of insulin as a 
growth factor. One might well compare the experimental effect of 
zincprotamineinsulin on the growth of rats with the good effects 
reported by many of zinc protamine insulin on diabetic dwarfism of 
patients with hepatomegaly. 
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CHAPTER VIII 


THE ENDOCRINE GLANDS IN 
DIABETES MELLITUS 


This chapter is concerned with considerations on the rdie played 
by the endocrine organs in diabetes, especially in long-term diabetes. 

After the discovery of insulin, the pancreas became the centre 
of research in diabetes, and it was not until 1931, when Houssay 
presented a report of his investigations, that it was realised that 
there was a diabetogenic factor related to the hypophysis. Some 
years later, in 1937, YOUNG produced permanent diabetes in ani- 
mals by the injection of extract from the anterior lobe of the hypo- 
physis, and during the next five years, YOUNG and his group 
showed that it was the growth hormone that was _ responsible 
for the diabetogenic effect. LONG & LUKENs (1942) showed that 
bilateral adrenalectomy produces a beneficial effect on the diabetic 
symptoms following pancreatectomy. This effect has since been 
shown to be due to cortical hormones of the 11-oxysteroid type, 
the so-called glycogenic corticoids and above all Kendall’s Com- 
pound E and F, being able to produce diabetogenic effects. 

The Houssay school has shown that thyroid medication can pro- 
duce diabetes in partially pancreatectomized dogs and further that 
in certain cases this diabetes persists after the withdrawal of 
thyroid extract (metathyroid diabetes). The effect of the sex hor- 
mones on carbohydrate metabolism and diabetes has also been studied 
experimentally by Houssay & co-workers (1951). They showed 
that after subtotal pancreatectomy, male rats developed diabetes 
more readily than did female rats, which Houssay ascribes to the 
protective influence of estrogens, in contradistinction to the male 
scx hormones, which he believed to accelerate the development of 
diabetes. The estrogenic effect is assumed to be partly a stimulat- 
ng effect on the beta-cells and partly to the inhibitory effect on the 
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hypophysis, and finally an antidiabetic effect is supposed to fu- 
cilitate the utilization of carbohydrate in the tissues. 

The diabetogenic action of most of the above-mentioned hor- 
mones is believed to occur in the following way. First there occurs 
a form of diabetes which might be regarded as a reversible pituit- 
ary diabetes, which, after it has existed for some time, damages tlic 
beta-cells of the pancreas, whereby finally the primarily reversible 
pituitary form of diabetes, idiohypophyseal diabetes, develops into 
pancreatic diabetes, metahypophyseal diabetes. The diabetogeni 
hormones of the hypophysis are the growth hormone (STH) and 
the adrenocorticotropic hormone (ACTH) and there might poss- 
ibly be a third diabetogenic hormone. The diabetogenic effect of 
the growth hormone occurs via an action on the beta-cells, which 
are stimulated so markedly that they finally degenerate because of 
exhaustion. STH also stimulates the alpha-cells, which produce the hy- 
perglycemic factor (HGF) or glukagon in an increased amount. In 
addition, the peripheral utilization of carbohydrates is influenced. 
ACTH exerts an anti-insulin effect by hexokinase-inhibition and, 
via the adrenocortex, by an increase of glyconeogenesis. 

Not only experimental but also clinical studies have contributed 
to the understanding of the endocrine interplay in diabetes. This, 
despite the fact that publications on record have often been simply 
case reports. In recent years an increasing number of large collec. 
tions have been presented. This has given the clinical nosography 
a more reliable statistical foundation and thereby increased the 
weight of conclusions drawn on the basis of clinical investigations. 

At the end of the nineteen-twenties, DAVIDHOFF & CUSHING 
pointed out that glycosuria occurs in 25 per cent and diabetes in 
12 per cent of patients with acromegaly. The corresponding figures 
given by others are somewhat lower (Mayo Clinic 6 per cent). This 
type of diabetes is, however, as a rule not particularly insulin- 
sensitive, although there are some cases which react in a typical 
manner. In addition to acromegaly, which is perhaps most fre- 
quently due to an eosinophilic adenoma, hypophyseal diabetes often 
occurs in association with basophilic adenoma in Cushing's syn- 
drome. Hyperpituitarism is believed to be the cause of the in- 
creased average bodyheight of children in whom the diabetes makes 


71 


its appearance at puberty. In diabetes initially occurring at the 
menopause, the cause is also ascribed partly to a hypophyseal effect. 

There are a few cases in the literature described under the head- 
ing of Houssay phenomenon in man. HORSTMANN (1949) reported 
that 4 such cases were on record. POULSEN (1953) reported a case 
showing all signs and criteria for Houssay phenomenon, among 
other things by the unusual therapeutic results and by the fact that 
the severe diabetic late complications (advanced retinopathy) dis- 
appeared completely and the insulin requirement decreased from 80 

100 I. U. to 8 I. U. PouLsEN reported that, judging by a search 
of the literature, this was the ninth case on record. This observa- 
tion is extremely important with regard to the fact that the diabetic 
retinopathy subsided. 

SALTER & BEST (1953) reported that hypophysectomized rats 
show greater growth in length when treated with zinc protamine in- 
sulin. On careful increase of the dosage the animals increased by 
38 gm. within 15 days, and the width of the epiphyseal disk of the 
tibia increased by 65 per cent, and there was an increase in body 
protein by an average of 2.6 gm. per rat. This growth continued 
independently of STH, while, as known, the growth hormone is 
dependent on the presence of insulin for it to exert any effect on 
growth. However, OTTAWAY (1953) recently showed that STH 
has an ‘insulin-like’ effect on the glucose uptake of normal rat- 
diaphragm. It is believed that the growth hormone exerts its effect 
by liberating insulin from the tissues or blood, where it is in an 
inactive form in normal rats. This effect cannot be produced in un- 
treated diabetic rats, but as soon as they are treated with insulin the 
effect appears. 

The action of the adrenal cortex in diabetes has been clinically 
verified in many cases of Cushing's disease, dependent on adreno- 
cortical tumour or hyperplasia of the adrenal cortex, and by the rare 
cases of co-existent diabetes mellitus and Addison’s disease. 
SPRAGUE & co-workers (1949), LUKENS ef al. (1950), LONG 
(1953), CONN etal. (1954), DUNCAN ef al. (1934, 1952), and 
others have in different ways added to our knowledge of this field 
of the pathophysiology of diabetes. In these cases the diabetes 
often disappears with removal of the tumour or partial adre- 
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nalectomy in cases of hyperplasia. Such cases are, in addition to 
Cushing's disease, the rare cases of “diabetes of bearded women’ 
— Achard-Thier’s syndrome — which produces symptoms of both 
Cushing’s disease and the adrenogenital virilizing syndrome. 

In the fairly uncommon cases of co-existent diabetes mellitus and 
Addison’s disease the various steroids of the adrenocortex cannot be 
replaced by one another. This is obvious from the results of treat- 
ment, in which it may be difficult to balance the dosage level of 
insulin with the mineral corticoids and glucocorticoids. As a rule, 
these patients do not require much insulin, and are, in addition, in- 
sulin sensitive for which reason hypoglycemia is liable to occur. 
Even if, as pointed out by BROCHNER-MORTENSEN (1954), saline 
therapy can more or less cope with the situation, cortisone must 
not infrequently be resorted to, together with insulin and Doca 
(JERSILD, 1953). 

Corticosteroids of the 11-oxysteroid-type, the so-called glucocorti 
coids, are responsible for the effect of the adrenocortex on carbo- 
hydrate metabolism. In recent years the effect has been studied in 
man by cortisone and ACTH, with which it has been possible to 
produce diabetes of the reversible type and also a temporary deteri- 
oration of diabetes in diabetics. The effect of the corticosteroids oc- 
curs partly by increased glyconeogenesis, partly by inhibition of 
hexokinase. In addition, the adrenal cortex, like ACTH, influences 
the insular organ of the pancreas in that it produces a tendency 
to hyperglycemia and glycosuria. This effect appears, however, only 
in the presence of co-existent hyperglycemia. Opinions differ as to 
whether it influences the renal threshold of glucose. CONN e/ di. 
(1948) found that ACTH depresses the renal threshold for glu- 
cose, but this has not been verified by all later workers. CONN 
(1954) summarized our knowledge of the effect of adrenal cor- 
tical steroids on carbohydrate metabolism in the following way: 


1. ACTH and adrenocortical steroids of the 11-oxygenated type produce 
steroid diabetes, which is characterized by hyperglycemia, glycosuria, de- 
creased tubular reabsorption of glucose and relative resistance to insulin 
However, not all patients develop this diabetes, even if large doses ot 
ACTH or adrenal cortical hormone are administered. 

2. The strongest diabetogenic effect is that of hydrocortisone, then follows 
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cortisone, corticosterone and 11-dehydrocorticosterone. The nitrogen cata- 
bolic effect occurring is ascribable to the increased glyconeogenesis, which 
later, according to CONN, can hardly be the only factor responsible for the 
development of diabetes. An effect on the various stages of carbohydrate 
metabolism is regarded as probable. An example of this effect, although 
Conn does not mention it, is the influence on the hexokinase enzyme. 

3. If the function of the insular organ is impaired, it favours the devel- 
opment of steroid diabetes. 


Relatively few reports are available on clinical investigations 
of the function of endocrine organs in diabetes mellitus. This is 
perhaps due to the fact that our clinical-chemical examination 
methods in endocrinology are of fairly recent date and that they are 
still technically difficult or complicated. Some reliable reports are 
available of the relationship between the hypophysis and the adrenal 
cortex in diabetes. PRISCILLA WHITE (1952), for example, often found 
slightly increased 17-ketosteroid values in the initial stage of child- 
hood diabetes, and that this increase persisted for some time. The 
final result is, however, often the opposite, so that, the values for the 
urinary 17-ketosteroids are subnormal, which must be regarded as a 
sign of adrenocortical hypofunction. In the diabetic boys and young 
male adults, WHITE found values so low that she did not consider that 
they could be explained simply by hypofunction of the adrenals, but 
supposed the co-existence of hypogenitalism. BERGQUIST (1954) re- 
ported similar observations among juvenile diabetics, with co- 
existent retardation of growth and HORSTMANN (1949) reported 
the same observation among young male diabetics, while young fe- 
males and elderly men had more or less normal or low normal 
values. LUNDBAK (1953), in his material of diabetics with long- 
term diabetes, found good agreement between HORSTMANN’s view 
concerning the excretion of 17-ketosteroids, although the lowest 
values here were found mainly in the oldest age groups. 

WILSON, FRAWLEY, FORSHAM & THORN (1950) studied the re- 
lationship between the adrenal cortex and the function of the beta- 
cclls in diabetics with Addison's disease. They showed that the 
function of the insular organ varies directly with that of the adrenal 
cortex. These authors also observed that, in diabetes, there is a cer- 
tain hypoadrenocorticism with low excretion of 17-ketosteroids and 
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normal eosinophilic reactions. It was also observed that some pa- 
tients with adrenocortical hyperfunction had osteoporosis and in- 
creased urinary 11-oxysteroids, which symptoms are characteristi 
of steroid diabetes, but, on the other hand, normal blood sugar 
levels and no glycosuria. This was interpreted in the following way. 
The insular organ of the pancreas in these cases had increased 
functional capacity, whereby the diabetic symptoms in the form of 
increased blood sugar and urinary sugar was prevented. These co- 
existent functional conditions of the adrenal cortex and other organs 
were also recorded by WILSON ef al. (1950) in patients with Ad- 
dison’s disease, which sometimes reacted with definite diabetic 
symptoms to a relatively moderate dose of cortisone, which in nor- 
mals would only produce minimal changes. It was supposed that, 
in patients with Addison’s disease, there is decreased function also 
of the beta cells, which might be regarded as favourable, because 
it protects such patients against hypoglycemia. 

In diabetes the thyroid is less frequently involved than the other 
endocrine organs. JOSLIN (1952) gives a frequency of 1 per cent, 
WILDER (1940) 3.3 per cent, and among 9,000 cases of hyper- 
thyroidism, JOHN (1932) found a diabetes frequency of 2.1 per 
cent. It is more common with diabetes in combination with thyro- 
toxicosis than such as to occur together with myxedema. These latter 
cases sometimes appear as post-operative sequels in diabetics with 
thyrotoxicosis, and the condition has also been described in patients 
who, because of severe diabetes, have been operated on with ablatio 
of the normal thyroid gland and who later have developed signs of 
myxedema. 

We know, from the investigations of the Houssay school, that 
thyroid medication can produce diabetes in dogs, but not until after 
partial extirpation of the pancreas. This thyroid diabetes is at first 
reversible, but on withdrawal of thyroid extract it can appear as a 
permanent form, metathyroid diabetes. The mechanism is the samc 
as that involved in the development of diabetes following injection 
of pituitary extract, in that it first produces hypertrophy of the 
beta-cells of the insular organ with increased insulin content, and 
terminates with injury to the insular apparatus with initially revers- 
ible but subsequent permanent diabetes. 
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The diabetogenic effect of the thyroid is not strictly comparable 
with that of steroids, because the diabetes is not due to a direct ef- 
fect of the actual thyroid medication, but is related rather to the 
increased rate of metabolism present in hyperthyroidism and, in ad- 
dition, there is increased absorption of glucose from the intestine, 
which, together with the increased metabolism of glycogen, tends 
to favour hyperglycemia. 

The influence exerted by the gonads in diabetes has long been 
the subject of clinical and experimental investigation. The fact that 
the frequency of diabetes is increased in women during the meno- 
pause has been related not only to hypophyseal influence, but also 
to the female gonads. It is known that in both males and females 
with diabetes libido is impaired and menstrual disorders are com- 
mon in women (BISKIND, 1951, WHITE, 1952) and the blood 
sugar level is often abnormal, there is glycosuria and insulin 
resistance during different phases of the menstrual cycle (ELzas, 
1952). PRIscILLA WHITE described the occurrence of a syndrome 
consisting of amenorrhoea, with high FSH values, low 17-keto- 
steroid values and edema. HORSTMANN (1949) studied a diabetes 
seties comprising both males and females of various ages with re- 
gard to the excretion of the gonadotropic hormones and estrogenic 
substances, but found no demonstrable abnormal values. Some of 
the values, e.g. urinary estrogen in males, were within low normal 
limits. 

It has sometimes (7.e. MORTON & MCGAVACK and GITLOW & 
KURSCHNER) been observed that in menopausal women with dia- 
betes mellitus, estrogens are capable of reducing or suppressing 
hyperglycemia and glycosuria. These observations have, however, 
not been confirmed by later investigators. According to the 
Houssay school, in experimental diabetes the estrogenic sub- 
stances exert a protective effect on the diabetogenic influence of the 
organism. Use has been made of estrogens for depressing hypo- 
physeal activity, for example, in order to produce an improvement 
of the diabetic condition. The results reported vary, but RAMos & 
DE NOGALES (1950) reported favourable experience in children 
with the use of stilbol derivates and MoRTON & McGAVACK 
(1949), GiTrLow & KURSCHNER (1943) and others made similar 
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observations in diabetic women in the menopause, while LAWRENC: 
& MADDERS (1941) found no demonstrable effect of estrogens. 

As to testosterone, Houssay et al. (1951) found in experimental 
animals that it worsened the diabetic condition, while clinical ex- 
perience in recent years seems to have shown a favourable effect 
with testosterone treatment in diabetic retinopathy, and it has even 
been suggested that one should use testosterone as a prophylactic 
against diabetic symptoms of the eyes. It is above all SASKIN, WALD- 
MAN & PELNER (1951) in America and BERTRAM (1953) in Ger- 
many and NoRDLOv, GRONBERG & SVANTESSON (1953) in Sweden, 
who have reported favourable results in the treatment of diabetics 
with retinopathy by means of testosterone preparations. In this res- 
pect, it is above all the damping effect on the hypophysis and adrc- 
nals that is produced by the administration of testosterone 
(STOWERS, 1951). It is probable that the nitrogen anabolic pro- 
perties of the male sex hormone exert a favourable influence on the 
metabolism in diabetics. 

A general rule in the primary control of ‘the diabetic patient 1s 
that the patient shall be free from ketosis, and it has been fairly 
widely accepted that ketosis and acidosis exert an unfavourabl« 
effect on the prognosis of diabetes. In this respect, recent investiga- 
tions have been carried out to determine whether repeated ketosis 
and acidosis favour the development of endocrine disorders. These in- 
vestigations have shown that in diabetic ketosis the adrenal cortex 
is involved just as it is in the general adaptation syndrome (G.A.S. ) 
according to SEYLE. By investigations by MCARTHUR, SPRAGUE é¢ di. 
(1950), NABARRO, SPENCER & STOWERS (1952) and others it has 
been shown that in keto-acidosis the symptoms resemble the alarm 
reaction of the G.A.S. in the form of eosinopenia and an increase of 
the urinary corticosteroids, even though these findings can be re 
latively late symptoms in the coma picture. First there appears a ne- 
gative nitrogen potassium balance and an increase of glycosuria. 

HINKLE & WOLF and co-workers published a series of articles 
on their experiences with the effect of stressful life situations on 
the metabolism in diabetics (HINKLE, CONGER & WOLF, 1950, 
HINKLE & WOLF, 1952 and HINKLE & WOLF, 1952). They reported 
that such situations as death of a relative, financial trouble, or thc 
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like, was often sufficient to cause a rise in the blood sugar level and in 
the content of the blood ketone bodies. In non-diabetics these changes 
are small, but in diabetics they can be considerable. HINKLE & WOLF 
believe that if such situations are prolonged and recurrent, they can 
lcad to hyperglycemia (sometimes only hypoglycemia) and ketosis 
severe enough to worsen the diabetes, with subsequent coma. They 
stress that these and other reactions, so common in these diabetics, are 
probably mediated by the influence of the hypophyseal and adreno- 
cortical hormones, even though the exact neuro-humoral transmis- 
sion mechanism has not been properly cleared up. 

It is obvious that those diabetics who are inclined to react in 
this way have a poorer prognosis than more stable diabetics. But 
even if the last-mentioned patients are exposed to such stress, the 
effect is probably not so pronounced nor is it so frequent as in the 
emotional diabetic patients. 

Despite the wide research in diabetes, many problems have only 
fairly recently been attacked, e.g. problems touched upon in the 
preceding paragraphs, vitamin B,, etc. SCHNEIDER, LEwis & 
McCULLAGH (1946) carried out comprehensive analyses of serum 
protein ratios using, /nfer alia, electrophoresis. Their material con- 
sisted of 26 females and 5 men with an average age of 51 years. In 
a relatively large number of cases there were retinopathy and 
nephropathy with impaired renal function, hypoproteinemia with 
slightly decreased albumin content and increased beta-globulins. By 
increasing the protein supply in the food, these changes could be 
modified, but this was much more difficult as soon as the changes 
occurred in long-term diabetics, Retinopathy was seen in men after 
on the average, 19 years’ duration of diabetes, in women already 
after 10 years. The marked effect these authors observed on ad- 
ministration of large amounts of protein per day in both the serum 
protein and in the state of the eyes induced them to assume that the 
development of diabetic retinopathy is intimately related to changes 
in protein metabolism. 

In the beginning of the nineteen-thirties, FANCONI applied a 
protein-poor diet with fruit and vegetables and ample fat, and he 
nelieved this diabetic regimen to be one of the causes of the dis- 
ouraging figures in his statistics from 1948 (cf. page 27: all pa- 
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tients who had had diabetes for 16 years or more had nephropatliy 
and all died within 23 years after the onset of diabetes). 

VoGELIUS (1949) in his report on diabetic retinopathy in Den- 
mark, stressed that, while the frequency of diabetes had increased 
two to three-fold since 1927, the increase in the frequency of 
diabetic retinopathy had increased still more. He ascribed this partly 
to insufficient insulin administration and partly to the introduction 
of the free diet in the beginning of the nineteen-thirties. 

In a series of publications during the last 10 years or so, MORTON 
BISKIND stressed that an inadequate diet can contribute to the oc- 
currence of disorders in the liver metabolism, whereby the tendency 
to cardiovascular disturbances is increased. He points out the usc- 
fulness of ample vitamins and testosterone preparations which 
later, by their nitrogen-anabolic effect, help to control these meta- 
bolic disturbances. 

In addition to the above-mentioned remarks on nutrition, especi- 
ally the protein balance, it might be added that it has been supposed 
that hyperadrenocorticism is an important factor in the development 
of diabetic retinopathy. It is known that such adrenocortical condi- 
tions cause a negative nitrogen balance. As pointed out above, 
testosterone is nitrogen anabolic and, in addition, suppresses the ef- 
fect of the hypophysis and adrenals. 
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CHAPTER IX 


CONSIDERATIONS ON KIMMELSTIEL-WILSON’S 
SYNDROME AND RELATED PROBLEMS 


Since KIMMELSTIEL & WILSON (1936) published their pathologic- 
anatomic investigations on material from patients who, in addition 
to the clinical triad diabetes, edema and albuminuria, showed changes 
in the glomerular tufts of the kidneys in the form of hyaline de- 
position, interest in diabetic late complications has been fairly ex- 
tensive. This interest has increased still more since the middle of 
the nineteen-forties, when an increase was reported in the frequency 
of diabetic late complications in various countries. 

Among the many investigations in this field, mention might be 
of a few recent surveys in which the diabetic late complications 
received particular attention. GOODMAN in U. S. A. published a 
paper in 1953 on the analysis of various factors concerning diabetic 
retinopathy and intercapillary glomerulosclerosis, and concluded 
that these conditions are to be regarded as a direct effect of the 
diabetes as such rather than as consequences of arteriosclerotic 
changes. KNUD LUNDBAK of Denmark shared this view in his mono- 
graph ‘“‘Long-term diabetes’, also published in 1953, and in an 
article in Lancet in 1954 he elaborated his view on this “specific 
vascular disease’, which he called “Diabetic Angiopathy”’. 

The clinical picture of the late complications of diabetes may be 
briefly summarized as follows. In diabetics who have had the dise- 
ase for about 15 years — LUNDBAK defines his long-term diabetes 
as 15—-25 years — symptoms or signs of ocular changes appear. 
At the same time, or somewhat later, involvement of the kidneys, 
heart and peripheral vessels occurs, and in severe cases hyperten- 
sion, hypercholesterolemia, increased capillary fragility and hypo- 
proteinemia can be observed. 

It is thus practically only the vessels that are involved by these 
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late complications. As to the nature of the renal injury, various 
pathologic-anatomic conditions are seen. It is usual to distinguish 
three main groups of renal injury in diabetes (HOGEMAN, 19:3, 
THERNGE, 1951), of which the first group is nowadays fairly rare. 
It is due to the metabolic disorders of diabetes and consists of 
degenerative tubular lesions in connection with keto-acidosis and 
deposition of glycogen in Henle’s loops and in the tubuli contort. 
Another group of renal lesions are those due to infection. They are 
more common among female diabetics, and represent mainly chronic 
pyelonephritis. The relatively rare cases of papillary necrosis are 
also assigned to this group. The third group includes the arterio- 
sclerotic renal changes and intercapillary glomerulosclerosis. 

The intercapillary glomerulosclerosis of Kimmelstiel-Wilson’s 
syndrome will be dwelt on first. Since the first report of this dise- 
ase in 1936, several contradictory papers have been published on 
its clinic and pathological anatomy. No agreement has been achieved 
as to how Kimmelstiel-Wilson’s syndrome should be conceived. 
The most important and most widely accepted views on Kimmcl- 
stiel-Wilson’s syndrome and related problems are summarized below. 

As to the renal lesions belonging to the above-mentioned group 3, 
it might be mentioned that these and the pyelonephritis of group 2 
are sometimes seen in combination in diabetes. This so to say mixed 
type of diabetic renal injury can occur at any age, but is commonest 
in 30—40 year old patients, often with severe, poorly or less well 
controlled diabetes of frequently long duration. RooT, SINDEN & 
ZANCA (1950) and later KEIDING, ROOT & MARBLE (1952) class 
this form of diabetes under a common heading “diabetic nephro- 
pathy’, the clinical picture of which frequently includes, in addition 
to what said above, co-existent retinopathy, hypertension and edema, 
with a final outcome in uremia. The mixed histologic picture, which 
thus seldom consists of intercapillary glomerulosclerosis only, com- 
prises acute and chronic pyelonephritis, arteriosclerosis and arterio- 
lonephrosclerosis and frequently pronounced intercapillary glome- 
rulosclerosis. In this “diabetic nephropathy’ many young diabetics 
die within 20 years of the onset of the disease. 

The histological picture of the Kimmelstiel-Wilson lesion of the 
kidney has also been the subject of wide investigation and, here, toc 
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there is divergence of opinion on the histological changes. In their 
original description Kimmelstiel & Wilson reported abundant sphe- 
ric hyaline masses in the glomeruli mainly in the central portions. 
They believed these changes to originate in the capillary basement 
membrane and therefore called them intercapillary changes. These 
lesions were soon observed by various investigators. In this respect 
ALLEN, 1941 (cited by Bell) and later BELL (1950), Zins (1949) 
and others presented another view, namely that these changes are 
due to a splitting of the capillary basement membrane and should 
therefore be regarded as intracapillary. Most authors nowadays share 
the opinion of ALLEN and his contemporaries, for which reason the 
term intercapillary is perhaps hardly correct. 

BELL (1950, 1953) published several papers on diabetic glo- 
merulosclerosis, the histological picture of which he reported as con- 
sisting of two distinct forms. One, the nodular form, was the one 
which Kimmelstiel & Wilson described, and which is pathognomonic 
of diabetes — and many mean this form when they speak of Kim- 
melstiel-Wilson’s syndrome, while the other form, the diffuse, can 
occur even in non-diabetics and is common in patients with chronic 
glomerulonephritis. BELL (1953) claimed that the nodular form 
always occurs together with the diffuse form. The diffuse form can 
in addition occur in clinically severe cases of Kimmelstiel-Wilson’s 
disease as the dominating and exceptionally as the only form. BELL 
is therefore of the opinion that the generally accepted view that the 
diffuse form is not so specific of diabetes leads to incorrect classifi- 
cation of many true cases of Kimmelstiel-Wilson’s disease. BELL 
also states that, if chronic glomerulonephritis can be excluded histo- 
logically, the diffuse form of glomerulosclerosis is “highly specific 
for diabetes’. This diffuse form of it is the same as that LAIPPLy, 
EITZEN & DuTRA (1944) described as glomerular f7bros7s, and which 
they conceived as early stages of intercapillary glomerulosclerosis. 
This probably explains why these authors (1944) reported such a 
high frequency of Kimmelstiel-Wilson’s disease as 63.5 per cent, 
as against 20—30 per cent usually given by their contemporaries. 

The clinical picture presented by the 8 patients, in whom Kim- 
melstiel & Wilson directed particular attention to the renal changes, 

as fairly uniform. Jn 7 of these cases the patients had diabetes, 
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all with albuminuria and edema. The last two components of |::¢ 
disease classed it as nephrosis. With increasing clinical expericice 
the clinical picture has been found to comprise certain componenis, 
which are often although not always, present. It is above all thc 
investigations from the Mayo Clinic by HENDERSON, SPRAGUI & 
WAGENER (1947) that have helped to define this clinical entity. 
These authors described the Kimmedlstiel-Wilson syndrome as oc 
ring in diabetics with long duration of the disease and with albu- 
minuria, which need not be sufficient to class the case as nephrosis, 
and consisting of hypertension, retinopathy and often imparied renal 
function. Edema is fairly uncommon, and as a rule belongs to thc 
final stages and is therefore not included in their description of 
the typical picture. Retinopathy is a “new” symptom, but on tlic 
other hand Kimmelstiel & Wilson’s cases were not examined with 
respect to the condition of the eyes, for which reason this symptom 
might have been present, too. 

Retinopathy and Intercapillary Glomerulosclerosis. — In reccnt 
years it has become more common to direct attention to the histo- 
logical changes common to the retina and the kidneys. The ocular 
changes localized to the retina in diabetics has long been known 
and has usually been described as punctate hemorrhages, which: 
BALLANTYNE (1943) showed to be micro-aneurysms, originating 
mainly in the capillary retinal veins, and exudative foci of whitc- 
yellow appearance (‘‘wax-like’’), and dilated veins and_ finall; 
proliferative vascular changes. This picture is typical of diabetes. 
and occurs without co-existent hypertension. The capillary muicro- 
aneurysms often occur in abundance, they have a saccular appearanc 
and the vascular wall usually shows a deposition of hyaline material. 
They are often difficult to detect and cannot always be distinguished 
from earlier hemorrhages, which induced LUNDBAK to call th: 
changes “sanguinolent spots”. They are often located in the macular 


region, where exudates are frequently seen, which, according t: 
BALLANTYNE, probably are hyalinized micro-aneurysms. The changc 
involve both the veins and the venules, which are often congeste 
and of irregular calibre and sometimes have thick walls with redi 
plication and disruption of the basement membrane. 

FRIEDENWALD (1949, 1952) not only confirmed BALLANTYNE 
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findings, but also added further to our knowledge of these changes. 
He used a special staining technique (periodic acid and Schiff 
reagent) described by HOTCHKIss and McManus. He demonstrated 
micro-aneurysms and, further, he stained the capillary basement 
membrane and hyaline deposits in both the retina and the renal 
glomerulus. The results of this staining argue for the involvement 
of the mucopolysaccharides in the pathologic process. ASHTON 
(1949), who used a special histologic technique, confirmed FRIE- 
DENWALD’s observations and found, in addition, that micro-aneu- 
rysms occur in other conditions too, although to a less extent than 
in diabetes. Similar observations were made by WEXLER & BRAN- 
OWER (1950), who showed micro-aneurysms in malignant hyper- 
tension, although the changes were sparser and localized to the 
arterioles, and not, as in diabetes, mainly to the retinal venules. 

The demonstration of histochemically and anatomically similar 
changes in retinopathy and intercapillary glomerulosclerosis promp- 
ted investigations on the role played by the polysaccharides in this 
connection. The hyaline deposits in the retina and kidneys consist 
of polysaccharides, which are closely related to substances of glyco- 
protein character, which, /vter alia, are found in the circulating 
blood, where a number of different substances can be demon- 
strated bound to the serum proteins, e.g hexosamine. It has been 
assumed (FRIEDENWALD and McMANus, cited by FRIEDENWALD) 
that the hyaline changes in the retina and glomeruli are due to these 
serum polysaccharides, which might occur in increased concentra- 
tion in diabetes. It has been suggested that this abnormal occur- 
rence of serum polysaccharides might be a manifestation of a 
primary disturbance of the polysaccharides in diabetes. 

At that time (1949), JacoBs published a paper in which he 
reported that the serum glucosamine values are increased in dia- 
betes and that they varied with the insulin dose in the same way 
as glucose. WEST, CLARK & KENNEDY (1938) and later BERKMAN, 
RIFKIN & Ross (1953) were unable to demonstrate any fluctuation 
after the injection of insulin, and Stary and co-workers (1951) in 
Istanbul, who studied the state of the polysaccharides in normal 
nd pathologic conditions, found the serum polysaccharides to be 
very stable as compared with glucose, and that the reaction to insu- 
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lin was, if anything, a slight increase in the blood sugar values. The 
difference between the results of different authors may, however. 
be ascribed to different methods used in the determination of glu- 
cosamine. STARY ef dl. (1950, 1951) believe that knowledge ot 
the behaviour of polysaccharides in diabetes is of value, especially 
in the labile forms of diabetes, in intercurrent infections and othicr 
conditions such as myocardial infarction. Owing to STARY’s state- 
ment that the polysaccharides react slower than the blood sugar, 
they reflect any fluctuations in the state of the diabetes during thc 
next few days, knowledge of which is naturally of importance not 
only in the management of labile diabetes, but also in other situ- 
ations, é.g. as a measure as to how the patient looks after himself. 

BERKMAN, RIFKIN & Ross (1953) have shown that the serum 
polysaccharides change in a particular way in diabetes. The serum 
glucosamine level, for example, is slightly elevated in diabetics, and 
particularly so in diabetics with late complications of degenerative 
vascular type. In Sweden, TORNBLOM (1954) also studied this 
point and he found similar results for the serum polysaccharides 
— determined according to the content of hexose measured as galac- 
tose-mannose — in that the diabetics who showed considerable hya- 
line vascular changes had higher values than diabetics without such 
changes, which in turn had higher values than normal patients. 
The content of serum hexosamine in TORNBLOM’s material also 
showed a similar increase for diabetics with Kimmelstiel-Wilson’s 
changes, although the results in that group did not show such 
marked differences as when the hexoses were determined. TOrn- 
BLOM also made another valuable observation, namely, that venous 
blood had a higher content of serum polysaccharides than arterial 
blood, and he questions, and apparently justly so, whether thi: 
high concentration of glycoproteins in the venous blood explains 
why the hyaline changes are localized to the retinal veins in dia 
betic retinopathy. 

The above considerations on retinopathy, intercapillary glome- 
rulosclerosis and serum glycoproteins are probably factors of cer 
tain importance to the better understanding of long-standing dia- 
betes. It should, however, be mentioned that many factors bearing 
on these problems are difficult to understand. The opinion referred 
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to by WARREN & Lr CoMPTE (1952) that the changed metabolism 
of polysaccharides is of primary character in diabetes is probably 
incorrect. They are probably secondary phenomena, it being possible 
to show changes in the level of the serum polysaccharides, not only 
in diabetes, but also in a number of other situations and diseases, 
namely on degeneration of the tissues or proliferative or repair 
processes in the organism, all of which can be regarded as non- 
specific stimulants of increased formation of glycoproteins, in addi- 
tion to the increase produced by the liberation of carbohydrate 
complexes by the tissues. It is thus possible to understand why the 
serum polysaccharides are increased in acute rheumatic fever, lupus 
erythematosus, cancer and tuberculosis. In primary lesions of the 
liver parenchyma the serum polysaccharides are often low, because 
the liver is the site of formation of glycoproteins, while liver 
metastases do not produce any such decrease. 

The electrophoretic pattern of the serum proteins from patients 
with lupus erythematosus or with Kimmelstiel-Wilson’s disease 
sometimes shows not only any changes in the albumin fraction, 
but frequently an increase in the alpha, globulin. KOrw & GRON- 
WALL (1952), who used paper electrophoresis with subsequent 
Hotchkiss staining, observed that the serum proteins bound carbo- 
hydrates are increased at the site of the alpha, globulin, where it 
was shown that the main part of the protein bound carbohydrates, 
/.e. glycoproteins, normally occur in the electrophoretic pattern. 

It has been found that the vascular changes in atheromatosis are 
accompanied by changes in the polysaccharides with consequent 
changes in the mucoid ground substance and in the basal mem- 
brane of the vessel walls. The polysaccharide content is increased, 
especially of the sulphate esters, which show an affinity for lipids, 
and which are deposited in these changed patches of the vessel 
walls. In this way the serum polysaccharides also are of importance 
in the development of atherosclerosis. 

It is not properly understood why these changes in the poly- 
saccharides should occur in diabetes and in Kimmelstiel-Wilson’s 
lisease. As mentioned earlier, it must probably be assumed that 
the increase in the polysaccharides is due to various non-specific 
hanges, which cause a more or less similar response of the glyco- 
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proteins. It is possible that the hormones play a role. It is known 
that the hexosamine content of the blood is depressed by ACTH 
and cortisone, and SELYE expressed the view that the hexosamine 
level varies with the changes in adrenal function. During the |as' 
three of four years it has been shown that the adrenal function 
tends to be increased in diabetics with retinopathy and, according to 
FRIEDENWALD (1953), BECKER (1952) and others, diabetic retino- 
pathy and nephropathy might be ascribable to increased adrenocorti- 
cal function. Both experimental evidence and clinical observations 
argue in this direction. It has been shown that the administration of 
cortisone to rabbits can produce Kimmelstiel-Wilson-like changes 
if the animals already have alloxan diabetes. As to the clinical evi- 
dence, mention might be made of the appearance of Kimmelsticl- 
Wilson lesions in the kidneys of non-diabetics who had for a long 
time received ACTH-therapy (RICH, 1952, cited by FRIEDENWALD ), 
increased excretion of glucocorticosteroids by diabetics with retino- 
pathy as compared with those without ocular symptoms, and finally 
the observations made by POULSEN (1953) and others that thc 
development of Sheehan’s syndrome in a diabetic patient is some- 
times accompanied by the complete disappearance of advanced dia- 
betic retinopathy. 

FRIEDENWALD and BECKER and co-workers found further sup- 
port for the above-mentioned assumption by their investigation of 
the influence of vitamin B,,. They showed that diabetics without 
retinopathy excrete a much smaller amount of a test dose of vita 
min B,,, which suggests that these patients have vitamin B,, def: 
ciency. Diabetics with retinopathy excrete just as much or morc 
than non-diabetics. By first giving these patients testosterone for a 
while and then repeating the B,, test, at which still larger amounts 
of B,. were excreted, it could be assumed that diabetics with retino 
pathy have not the power to retain the test dose because of the 
adrenal hyperfunction and not because they are already saturate: 
with vitamin B,,. It was known from earlier investigations that mc- 
dication with cortisone in connection with the B,, test causes 
marked increase in the excretion of vitamin. Finally FRIEDENWALD 
& BECKER (1953) showed that when non-diabetic animals with 
vitamin B,, avitaminosis or deficiency, received cortisone daily for 
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some time, they showed much more advanced Kimmelstiel-Wilson- 
like changes and more frequently than do animals without vitamin 
B,. deficiency but subjected to the same cortisone treatment. Sum- 
ming up, the authors stress that one of the possibilities of the de- 
vclopment of long-term diabetes with its vascular lesions is vitamin 
B,, deficiency, in which the diabetes is an etiologic factor, and 
that adrenal hyperfunction increases the unfavourable influence of 
the B,,-deficiency. 


CHAPTER X 


AUTHOR’S MATERIAL |: 
THE VAXJO SERIES 


CHARACTER AND COMPOSITION 

As mentioned in an earlier section, the Vaxj6 series consisted o! 
diabetics who were below 40 years at the initial onset of diabetes 
and who were on the records of the medical department of Viixji 
hospital during the 1939—1949 period. The receiving area of this 
department covers Kronobergs lan (Smaland), in which it is the 
only medical department. It was opened up in 1938—1939, since 
when it has been under the charge of one and the same chief phy- 
sician. In Sunnerbo district of the county is a small county hospital 
situated in Ljungby, where a number of diabetics are controlled 
Of the entire population of Kronobergs lin (about 158,000 inha 
bitants), barely 25 per cent live in Sunnerbo district. Of the 
total number of diabetics in Kronobergs lin, 673 attend the medical 
department of Vaxj6 hospital and about 200—225, at Ljungby 
hospital. Judging by a public investigation in 1948 (Sockersjukvai 
den 7 riket, 1948), the frequency of diabetes in this district is about 
the same as that for Sweden as a whole, namely between 4.4 and 
5.9 per thousand. Therefore the series may be regarded as represen- 
tative. As the pediatric department was not opened until 1949, dia- 
betic children were also referred to the medical department, Vaxjo 

As the main purpose of the present investigation was to elucidate 
the nature of the late complications of diabetes, only patients in 
whem the disease had made its appearance before the age of forty 
were accepted, so that with but few exceptions, the patients wer¢ 
below 50 years of age at the time of the review. Of the patients 
with late complications, the latter had appeared before the age of 
45 in some 90 per cent of all the patients. This in turn makes it 
less likely that the vascular complications could be simply classed 
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as due to advancing age, whereby the complications found could 
be considered due to the underlying diabetes mellitus with a high 
degree of probability. 

The material was collected from the end of 1949 until the end 
of 1951 and consists of patients in whom the disease appeared as 
from January 1, 1924. This date was chosen in order not to include 
patients who might have had the disease before insulin had became 
available. All of the patients had thus attended Vaxj6 hospital since 
1924 and none had contracted the disease after 1948. 

In the classification of the material, those patients who had had 
diabetes for less than 10 years and showed no evidence of nephro- 
pathy, retinopathy or hypertension were said to be free of complica- 
tions and were assigned to a group by themselves. These patients 
were not made the subject of special analysis and not all of them 
were examined by the consultant ophthalmologist. Most of them 
had only had diabetes for less than 5 years (Group J 2). 

The most important group of patients in the Vaxj6 series con- 
sisted of those who had contracted diabetes mellitus before the age 
of 40 and who had complications in the form of nephropathy and/or 
retinopathy and/or cardiac disease and hypertension. This group, 
J 1, include 7 patients who had had diabetes for more then 10 years, 
but who were nevertheless free of complications. All of these cases 
were analysed for special factors and most of them (85 per cent) 
had been admitted to the medical department of Vaxj6 for this 
examination, which was carried out during the above mentioned 
period, 7.e. from the end of 1949—1951. On account of lack of 
hospital beds, however, a few of the patients were not admitted 
for observation until 1952. 

Perusal of the records of the medical department of Vixj6 hospi- 
tal has given following figures. 

I. Total number of diabetes 673 
Il. Cases not accepted in the present study because 

they attended the department for only a short 
period 50 


III. Total remaining cases 623 


90 


IV. Group ] 1. (The material proper) consisting of 

diabetics in whom the onset appeared before the 

age of 40 and had (== 100 cases) or had not 

(== 7) late complications after more than 10 
years duration of diabetes 107 patients 

V. Group ] 2. Consisting of complicationfree dia- 

betics, who contracted the disease before the 

age of 40 who had had diabetes less then 10 
years 110 patient 

VI. Group A. Consisting of elderly diabetics who 

contracted the disease after the age of 40, mainly 
old diabetics 406 patients 
Total 623 patients 


The two groups diabetics, J 1 and J 2, in whom the diseas: 
appeared in early years, thus consisted of 217 patients and repre- 
sented 32.2 per cent of the entire material. For purposes of com 
parison it might be mentioned that the corresponding figure from 
Dalecarlia, Sweden found by ENGEL (1950) in his material was 
28.7 per cent. Group J 1 consisted of 107 patients, 99 of whom 
were still alive at the time of the review, the corresponding numbers 
for J 2 being 110 and 102. The deaths will be reverted to later. 

Sex- and Age Incidence. In an earlier investigation by WALL- 
MAN-CARLSSON (1949) of diabetics ranging from low to high ag« 
at the medical department Vaxj6, he found a preponderance for 
females, namely 61 per cent (c = 39 per cent), thus in line with 
the sex distribution of 3:2 found by LAWRENCE (1951) for 
countries of western Europe. The frequency of diabetes among 
children up to, say, 15 years, does not appear to vary with sex. As 
to the frequency of diabetics under 40 years of age, there seems to 
be a slight preponderance of males (LUNDBAK, 1953). 

As is apparent from Tables 1 a and 1b, 58 per cent of the J | 
series consisted of males, and in series J 1 and J 2 taken together 
there was also a preponderance of males. 

The preponderance of males in the present material is probably 
ascribable to the sex ratio of the population. For instace, according 
to the public census of 1945 for Kronobergs lan, there were 15,404 
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men, as against 12,415 women in the age class 20—35 years 
(7 == 55.4 per cent; 9 = 44.6 per cent). It is true that the ratio 
was the opposite in the towns (46.6 per cent = J against 53.4 
per cent = ©), but the total population of the towns was relatively 
small (2,847 males and 3,257 females). 

As to the age at the onset of diabetes, it is clear from the Table 
1a and 1b that the material proper shows the usual distribution 
with a peak for the 10—15 year age class. Further, only about 20 
per cent of the J 1 series had the disease after the age of 25. 


Table 1a. Age in Years at Diagnosis of Diabetes (Group J 1). 


fate Females Males Per Cent 
Total of 
Living Dead Living Dead Total 
4 3 6.5 
5—10 9 ] 9 19 ZA 
10—15 1] 1 14 ] 27 25.2 
15—20 5 ] 12 18 16.8 
20—25 6 8 14 13.2 
25—30 5 6.5 
30—35 2 3 2 vi 6.5 
35---40 2 Z 2 6 5.6 
> 40 ] - ] Z 1.9 
Total| 42 | 3 | 57 5 | 107 | 999 

Table 1b. Age in Years (Group J 1 and J 2). 

. Females Males Per Cent 
Total of 
Years 

Living Dead Living Dead Total 
0-5 7 — 12 5.8 
5—10 15 ] 17 34 
10—15 2) 4 2 2 52 24 
15—20 1] 2 21 34 15: 
20—25 13 l 19 33 152 
25—30 7 l 10 18 8.2 
30—35 3 10 2 15 6.8 
35—40 7 ) 2 14 6.4 
> 40 ] 4 5 23 
Total | 85 | 9 | 116 7 | 217 | 100.1 


| 
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Duration of Diabetes and Age of Patients at Review. — Herc 
duration of diabetes is to be understood as the number of years th 
patient had had diabetes at the time of the review, which, as pointed 
out earlier, was carried out from 1949 to the end of 1951. 

The duration of diabetes for the males varied from 3 years to 2: 
years with an average of 14.5 years, the corresponding figures fo 
the females being 3 years to 25 years and 12.7 years. These figures 
refer to the material proper, series J 1. The series is accounted fo: 
in Table 2, from which it is apparent that the material as a wholc 
was fairly young. The average duration of diabetes was slightly b« 
low the limit of 15 years given by LUNDBAK (1953) in his de 
finition of long-term diabetes. This does not, however, prevent 
these cases from being classed as long-term diabetics, because the 
reason LUNDBA:K set this limit was that as a rule the symptoms of 
long-term diabetes do not appear until the patients have had the 
disease for some 10—15 years. 

The average age of the patients belonging to series J 1 at the 
time of the review was slightly higher for women, namely 36.6 
years as against 30.5 years for the men. The youngest boys and girls 
at the time of the reveiw were aged 13, the oldest woman was 52 
and the oldest man 54. 

Insulin Requirement. — All of the cases in the J 1 series wer 
treated with insulin, and therefore in these cases the diabetes may 
be classed as fairly severe. This classification is also supported 
further by the dosage levels used. 

Although the insulin dose as such does not permit any general 
conclusions as to the severity of the disease, there are, as pointed out 
by LUKENS & DOHAN (1944), no better clinical methods available. 
A classification of the severity of diabetes into mild, moderate and 
severe degrees is given in JOSLIN’s Treatment of Diabetes Mellitu 
(1952), according to which a case may be regarded as mild if 10 
I.U. insulin is sufficient to control the condition with a daily car 
bohydrate intake of 200 gm. Diabetes requiring 20—40 I.U. in- 
sulin with the same amount of carbohydrate may be considered 
moderate. If a diabetic requires 50 I.U. insulin or more to be sugar 
free with a daily carbohydrate ration of 150 gm. the disease maj 
be classed as severe. BARACH (1949) reported an average dose ot 
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30—40 I.U. in his material of 1,000 adult diabetics. In anoth« 
series of 274 diabetics only half of BARACH’s patients required 20) 
—40 I.U, and only 18 per cent the maximum dose, 40—60 IU. 
Analysis of AARSETH’s 72 cases in which the patients had diabetcs 
before the age of 40, about 22 per cent required 24—28 I.U 
while 75 per cent had an insulin requirement of at least 52 IU. 
per day. In LUNDBAK’s (1953) series only 3 of the 39 patients 
below 39 years required more than 40 I.U. LICHTENSTEIN (1949 } 
reported that — excepting the cases of coma — his diabetic children 
on a free diet had an average maximum requirement of 60 I.U. 
In the present material the insulin requirements were approximat- 
ely the same as in LICHTENSTEIN’s material, but slightly higher than 
in most other series on record. AARSETH’s figures are, however, also 
relatively similar. The average insulin requirement for the malcs 
was 68 I.U. and for the females 60 I.U. In addition, 78.9 per cent 
of the males used two injections of insulin a day, and 77.8 per cent 
of the females could not be managed on one single daily dose. Th« 
smallest dose employed by the men was 20 I.U., as compared with 
32 I.U. by the women, the corresponding maximum doses being 
180 I.U. and 112 I.U. About 21 per cent of all patients requircd 
only one injection per day, thus a low percentage. LARssoNn, LICH- 
TENSTEIN & PLOMAN (1952) on the other hand reported a high 
percentage of patients who could manage on one single daily insu 
lin injection, namely 84 per cent as against 16 per cent who rv 
quired 2 injections. The largest dose by those who managed on a 
single daily injection was 68 I.U. for the males and 56 I.U. for 


the females. 

Bod yweight. — It is apparent from the above that the series con 
siste mainly of fairly young diabetics in who overweight is rare a: 
compared with the frequency with which it is recorded in the highe: 
age groups at the onset of the disease or after the begin of the us: 
of insulin. However, as the patients were on a free diet, the materia 
was also analysed for bodyweight. The weight studied was that 
noted at the review and not that noted at the onset or soon afte 
the patients had begun to use insulin. (These weights were mad: 
the subject of an analysis accounted for in a subsequent chapter ). 

Various methods are available for judging overweight and under 


weight of diabetics. Formerly it was usual to class the patient ac- 
cording to any deviation of his bodyweight from normal. However, 
the normal range of bodyweight is fairly wide and as over- 
weight should preferably be avoided in diabetes, American workers 
in this field have published weight tables which give so-called ideal 
body weights. These tables were worked out by the Metropolitan 
Life Insurance Company of New York and they give the ideal 
weight in relation to height for males and females. The weight for 
a given height varies according to the frame (small, medium or 
large) of the individual. Of the present series (J 1), only 35 men 
and 29 women could be judged by this classification scheme. The 
individual deviation in kg. from the ideal weight was converted 
into percentages. The percentages given are the averages of the 
entire individual deviations. The results are given in Table 3. 


Table 3. Weight in Relation to Ideal body Weight 
(Bracketed figures indicate the weight distribution in per cent.) 


Ideal body Above ideal Below ideal 

Sex per cent ‘ie per cent Total 
weight body weight body weight 

Male 10 (28.6 13 (37.1 %) 3 12 (34.3% 9 35 (100 %) 

| Female |10(34.5 %)| 17 (58.6 %) 1] 2( 69% 10 129 (100 %) 


It is apparent that the males were fairly equally distributed among 
the three groups. The deviation in per cent of the ideal body 
weight was not particularly pronounced, and was probably not 
greater than what might be expected among non-diabetics. This also 
applies more or less to the females, although here the figures were 
somewhat higher. There was thus a tendency to overweight among 
the females, but overweight in per cent was only moderate. Before 
. patient can be regarded as somewhat fat or stout it is usual to 
stipulate an overweight of at least 30 per cent, an overweight not 
recorded in the present series. 

Evaluation of the Degree of Control and Adjustment. — When 
judging the degree of control it is difficult to compare one series 
vith another because of the different criteria used by the various 
linics in the classification of the cases as good, fair, poor control. 
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It was shown in chapter V how different clinicians class the degr: 
of control differently. Apart from these differences, which nec: 
not always be so great fairly common to most is that they applicd 
restricted diet, that the prognosis, especially regarding the vascular 
late complications of eyes and kidneys were much less frequent and 
less severe among good controls than among poor controls, this 
independently to a certain extent of the duration of the diabetcs 
Another feature common to those who use the above classificatio: 
is that free dict is regarded as being the same as poor control. A 
cording to these criteria, the type of treatment used in the prescnt 
material must be regarded as poor control. However, as known. 
those who permit free diet do not consider lack of dietary restri 
tions the same as lack of control. 

As free diet was used in the present material, the degree of con- 
trol was evaluated by means of a method devised by Danish 
scientists HALLAS-MOLLER, JERSILD, PETERSEN & SCHLICHTKRULL 
(1951). This team used special criteria in the evaluation of their 
zinc-insulin suspensions (Insulin Lente, Semilente and Ultra- 
lente). 

They found three typical shapes of the blood sugar curve follow 
ing the injection of insulin into patients on a controlled diet. They 
named these reactions A, B and C. The A-reaction was characterizcd 
by a rapid decrease in the blood sugar during the daytime with an 
increase during the night ()), the C-reaction by an increase up to 
the middle of the day, after which it gradually decreased and was 
low throughout the night, to increase again towards morning (“)) 
The B-reaction was characterized by fairly equal values through thc 
day and night, —. 

The type of reaction is capable of varying not only from onc 
individual to another on the same insulin but also from one type of 
insulin to another in the same individual. Thus, one and the samc 
type of insulin can produce the different A, B or C-reactions, 11 
different diabetics, and conversely the same diabetic may react 01 
different types of insulin with A, B or C-reaction in the bloo: 
sugar curve. 

The blood sugar curves forming the basis of this investigation o: 
HALLAS-MOLLER ef al. were the mean curves for 6 days; by deter 
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minaticn of the blocd sugar 6 times during the day and night th 
got their daily curves. From these mean curves the average dail; 
blocd sugar was calculated as well as the delta blood sugar (1 B.S 
the latter being the difference between the highest and the low: 
value of the blood sugar curve. They found a low 1 BS. to | 
ccerrelated with the B-rcaction type cf blood sugar curve. A 1 B:! 
of 125 mg./100 ml. indicates an extremely good chemical contro! 
of the diabetic condition. In the Danish investigation the compos: 
tion of the dict was constant with a caloric value ranging betwecn 
1700 and 2200 per day. 

In many of the diabetics of the Vaxj6 series the blood sugar was 
determined en various occasions during one and the same day, and 
the results were plotted in the usual way on a blood sugar curv 
rom this curve the mean blod sugar and the 1 B.S. were calculated. 
The amount of glucose excreted and the insulin dose were als: 
noted. The blcod sugar was determined on six occasions at th: 
fcllowing times of the day: 7.30 a.m., 11.30 a.m., 3.30 p.m., 7.30 
p-m., 11.30 p.m. and 3.30 a.m. 

In the investigations by HALLAS-M@OLLER ef al. a 1 B.S. of mor 
than 250 mg./100 ml. was seldom noted and a 1 B.S. of 125—150 
mg./100 ml. was regarded as a good adjustment. The results ob 
tained in the present investigation are given in Diagram 1. Analysis 
of this showed that 15 patients of cach sex were pocrly controlled 
The mean age was 24 years, 7.e. they were on the average 6 years 
younger than that of the entire material, at the time of the review. 
The average insulin requirement of these 30 diabetics was 62 I.U., 
which, judging by the insulin dose, suggested that the severity ot 
the diabetes in these cases was just as great as that of the material 
as a whole. Despite the fact that not all of the diabetics were in- 
cluded in the analysis given in Diagram 1, these 30 cases can surcl; 
be taken as representative of the entire material. — The daily curves 
were practically all of the C-reaction type. Only a few of the A- 
type were seen, and they were uncertain. A, B-reaction was recorded 
in 1, possibly 2 cases. The 1 B.S. values were markedly increased 
and the mean value of the 4 B.S. of the 30 cases was 348 mg./100 
ml., which must be regarded as indicating fairly poor adjustment. 
The average blood sugar value was also fairly high in most cases, 
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but relatively lower than the corresponding .1 B.S. The excretion 
of glucose in the urine was fairly pronounced in the 30 cases under 
discussion and was on the average 120 gm. per day. In other words, 
then, adjustment, as judged by the method of HALLAS-M@LLER efal., 


was also poor. 


COMMENTS 


Comparison of the adjustment and control of the diabetic con- 
dition was only possible in a certain number of cases because the 
blood sugar curves, the so called daily profile, necessary for the 
application of the method of HALLAS-MOLLER ef al., are not so 
often available. It might be mentioned, |owever, that the daily pro- 
tile of the blood sugar values has been reported in series presented 
by SODERLING (1935), WEISsE (1951), HAUNZ (1950) and 
ENGLESON (1953). The present writer calculated the .1 B.S. in these 
series and found that in SODERLING’s childhood diabetes series, in 
which the patients were on a free diet, some of the children had a 
somewhat high 1 B.S. value, e.g. 239 mg./100 ml., 332 mg./100 
ml. and 347 mg./100 ml. but it should also be stated, that there 
were cases with better values. Characteristic of SODERLING’s cases 
was, however, the marked tendency to fluctuation in the blood sugar 
level. WEISSE, whose patients were also on a free diet, reported no 
daily profiles of the blood sugar, but stated that the values fluctu- 
ated between 200 mg./100 ml. and 400 mg./100 ml. and more, 
which might also produce fairly high 4 B.S. values. HAUNZ made 
a detailed analysis of 6 cases of ‘brittle’? diabetes. These cases were 
characterized by high 1 B.S. values (345 mg./100 ml.) and re- 
latively low mean blood sugar levels (250 mg./100 ml.) in the be- 
ginning of the investigation, but with 3 doses of regular “unmo- 
dified” insulin and diet HAUNZ managed to obtain good adjustment 
in 5 cases; in the sixth case the response was not quite so favourable. 
In HAUNZ’s series, for example, the 1 B.S. values were 120 mg./100 
ml. and 100 mg./100 ml. and the mean blood sugar 140 mg./100 
ml. and 168 mg./100 ml., which figures indicate very good adjust- 
ment or good to excellent control. Similar observations were made 
by the present writer in a series of diabetic children, who when 
they were first allowed free diet and given modified insulin, 
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showed high 1 B.S., e.g. 307 mg./100 ml., 380 mg./100 ml. and 
420 mg./100 ml., but after the diet had been restricted and t 
patients had been treated with the new zinc insulin suspensions ( !: 
sulin Novo lente etc.) the 4 B.S. values were normal, namely 60) 
mg./100 ml., 120 mg./100 ml. and 138 mg./100 ml. suggest: 
good adjustment (ENGLESON, 1953). 

Summing up, then, it may be said that the observation madc in 
the material proper — the J 1 serics — strongly argue for the vic 
that diabetics on a free diet must be regarded as poorly controlled 

Complications and the Examination Method. — In the young 
adult diabetics of the Vaxj6 series, 7.c. those who had the discasc 
before they were 40 years old, the frequency of vascular degencr- 
ative vascular complications was 46 per cent (100 of 217) if both 
series, J 1 and J 2, be included. If only the occurrence of complica- 
tions in the entire material be considered, it will convey a false im- 
pression of the frequency of long-term diabetes, because the laryc 
proportion of patients, who only had the disease for 3 years or sv 
are regarded as complication-free and thereby unduly influence tlic 
distribution per cent. 

As to freedom from vascular complications after 10 years dura- 
tion of diabetes, the material includes only 7 patients (6 Yj per 
cent), which must be considered as a rather low frequency. Thesc 
cases have no long duration of diabetes. As a matter of fact therc 
is only one of these 7 patients, who have attained the age of morc 
than 20 years of diabetes duration. 

Duration of diabetes in years when the diabetic vascular com 
plications were detected has been calculated in the Vaxj6 series, giv 
ing about the same value, -% 15 years, Y 11 years, with a mean 
value in the entire material of 13 years, at the time of the review. 

The patients were reviewed in the usual way. After a careful 
study of the history, most of the patients (85 per cent) were ad- 
mitted to hospital for a few days for observation, during which 
special attention was directed to the state of the heart and vascular 
system and to the occurrence on any retinopathy and/or nephropathy 

Mortality and Causes of Death. — Of the 217 diabetics who 
had got the disease before the age of 40 years — J 1 and J 2 seric 

16 (7.3 per cent) had died before the time of the review. O 


isdoyne ou) 81 81 W OZ IX 
SIso[NIJaqny Ayyedosydou 
pue Ayjedounal 
sisojndsaqn} Areuowyng | W 
priq) YUM “Iydau 6 ge W 901 ILA 
UOSTE ‘wyng + 8 d Sol 1A 
UOS|I AA STOUT YY ¢ “9 W rol A 
WO] 
‘sydau SI 8€ W Ill 
yy / | sivak d OO! ] 
Cd Ag) awoy | ‘dsoy sajoqeip jo Jaquinyy 3se-) 


duosy ut sgiveg ag? fo 


| | 


102 


these, 8 belonged to the J 1 series, the remainder to J 2. Of th 
in the J 2 series, none died of vascular disease, while all of the 8 
in series J 1 either had or died of vascular disease. In addition, 6 
of the patients belonging to the J 1 series died of late vascular com- 
plications, while the review was in progress. This brought the total 
mortality up to 10 per cent and the mortality for the J 1 series to 
more than 11 per cent. All of these 14 patients in series J 1 dicd 
from or with vascular disease, and most of them before they were 
50 years of age. 

The causes of deaths in series J 2, 7.e. patients who died within 
10 years of the onset of diabetes, were mainly infections and coma. 
Two of the patients died soon after the onset: they were admittcd 
to the hospital in a state of coma with acute meningitis respectively 
bronchopneumonia. Penicillin was not available. One died of tu- 
berculous meningitis, one of subarachnoid hemorrhage, 1 of pan- 
creatitis, 1 in septicemia also before the penicillin era, 1 of cm- 
bolism of the pulmonary artery and 1 of diabetic coma. 

The causes of death in series J 1, 7.e. the material proper, arc 
given in the preceding table (Table 4), which also includes thc 
deaths after the commencement of the review. In some cases in 
which the patients had died at home, autopsy was not performed. 
In these cases the cause of death was deduced from the records of 
their last spell in hospital. As is apparent from the table, many had 
Kimmelstiei-Wilson’s disease, which was frequently verified post 
mortem. Microphotographs of the glomular changes visualized by 
McManliis staining are given in Figs. 1 and 2. These changes arc 
discussed further in Chapter XI. 

Table 4 shows distinctly the dominant rédle played by Kimmc! 
sticl-Wilson’s disease in the classification of the causes of deat! 
and how often renal and vascular diseases are fatal. Of the 14 pa 
tients, there was only 1 who did not die of vascular or renal d 
sease, but the nevertheless had such lesions, and it is probable thai 
if he had not succumbed to pulmonary tuberculosis, he would sooncr 
or later had have died of vascular-renal disease. 

It should also be noted that of these 14 patients who died on th 
average after 14 years of diabetes, only 3 were above 50 years and 
the mean age was barely 40 years. 


CHAPTER XI 


DISEASES OF THE KIDNEY 


As pointed out in Chapter IX, in diabetes the renal changes 
appear partly in the form of intercapillary glomerulosclerosis, partly 
in the form of a combination of various changes embraced by Root 
et al. (1950) under the heading of ‘diabetic nephropathy’, and 
finally the less common form such as papillary necrosis, acute 
nephritis, etc. 

The clinical syndrome corresponding to the Kimmelstiel-Wilson 
lesion of the kidney, now usually comprises also retincpathy (HEN- 
DERSON ef dl. 1947), and the eye lesions usually antedate diabetic 
nephropathy. This order of the complications is frequently seen 
among those who are on a dietary regimen, and sometimes retino- 
pathy is the only late complication in patients on a strictly limited 
caloric supply (SHERILL 1951, and UnrRy & Ducas 1952). 

In SHERILL’s series as well as in that of UHry & Ducas the eye 
symptoms were the only demonstrable late complications, although 
some of SHERILL’s patients had had their diabetes for 35 years or 
more. In FANCONI's (1948) material the results were less favour- 
able. He used a high-fat low-protein diet containing carbohydrates 
in the form of vegetables and fruit, and ascribes the fairly poor 
results recorded in the young diabetics at the Ziirich clinic partly 
to this type of diet (of 87 satisfactorily controlled patients, all had 
nephropathy within 16 years’ duration of the diabetes and all suc- 
cumbed to the disease or its complications within 21 years). The 
frequency of retinopathy in FANCONT's series is not known, but of 
18 patients examined, retinopathy was found in 13, and in 4 of 
them the complications was antedated by nephropathy. Thus, neph- 
ropathy had occurred as the initial complication in half of the 18 
cases. It thus appears that, contrary to what might be suggested 
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by the results reported by DoLGeR (1947), for example, dietai 
measures are important from a point of view of complications. 

Renal Function. — Investigations of the condition of the kidn: 
in diabetes did not begin to appear until after the elaboration « 
modern renal function tests ad modum HOMER SMITH. Attem| 
have since been made to distinguish the various types of ren 
changes in long-term diabetes. 

HANUM & BROCHNER-MORTENSEN (1938) of Denmark demo 
strated impaired renal function, as judged by creatinine clearanc 
urea clearance and uric acid clearance, in patients with diabet 
retinopathy. The impairment was severe in 1 and slight in 6 of tli 
32 examined. HILDEN (1945 & 1949) studied renal function in 
patients with intercapillary glomerulosclerosis: he found it to be 
impaired throughout. LUNDBA&K (1953) also found decreased filtra 
tion rate and tubular function in long-term diabetes. He used thio- 
sulphate clearance as a measure of glomerular filtration and thi 
tubular function examined was glucose T,,, 7.e. maximal tubular 
reabsorption of glucose. 

In a number of diabetics with nephropathy HOGEMAN (1948 ) 
found decreased insulin clearance and diodrast clearance of the type 
seen in malignant nephrosclerosis, but he believes the prognosis of 
diabetic nephropathy is not so gloomy and that it can be dist 
inguished from nephrosclerosis by the filtration fractions, which ts 
smaller in diabetic nephropathy. ROBERTSON, GRAY & BAYNES 
(1951), who used insulin and para-amino hippuric acid (PAH) 
clearance, T,,, for para-aminohippuric acid and glucose, arrived at 
a similar conclusion, namely that in chronic nephritis the result of 
the tests is the same as in diabetic nephropathy. STROM (1951) 
studied the renal function of a number of diabetic children on a 
free diet. He judged renal function by insulin and PAH clearance. 
by the excretion of P** and found that in diabetic nephropathy 
phosphate retention with a reduced excretion of P** appears to bc 
an earlier sign of renal injury than decreased insulin and PAH acid 
clearance, because the latter were sometimes normal when the ex 
cretion of P** was pathologically changed. It is noteworthy that 
the phosphate clearance values were markedly increased. In this con- 
nection it might be mentioned that SPUHLER (1946) often found 
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increased insulin and creatinine clearance values suggesting in- 
creased glomerular filtration rate in patients without clinical symp- 
toms of renal changes. He interpreted this as a change in the perme- 
ability of the glomerular membranes with consequent increased 
glomerular filtration despite normal blood pressure, 7.e. filtration 
pressure. SPUHLER stresses the frequency with which vascular perme- 
ability is impaired in diabetes and believes that in diabetic glome- 
rulosclerosis, 7.e. the intercapillary glomerulosclerosis, the perme- 
ability of the glomerular capillaries is increased. Similar cases with 
increased glomerular filtration rates have also been described by 
FANCONI ef al. (1948), ROBERTSON, GRAY & BAYNES (1951), 
Hoop (1950) and by others. 

Renal function, as judged by urea clearance, is usually impaired 
in diabetic nephropathy. The actual values recorded, however, vary. 
This difference is probably due to the stage of the intercapillary 
glomerulosclerosis at the time of the test, because in the beginning 
the urea clearance values are higher, because, at any rate in young 
individuals, nephrosis tends to dominate the picture, and lower in 
the final stages, when glomerulosclerosis is believed to be predo- 
minant. In MARTENSSON’s (1950) series, 10 of the 11 patients 
with a urea clearance of less than 40 per cent had grave nephro- 
pathy. One patient with pronounced proteinuria and hypertension 
had a urea clearance value of 85 per cent. THERNGE (1951) found 
a marked decrease in the urea clearance of diabetics with permanent 
albuminuria. 

Nephropathy in the Vaxj6 Series. — Permanent albuminuria was 
said to be indicative of nephropathy. Of the 217 patients in the 
present material (J 1 + J 2), 90 (about 41.5 per cent) had diabetic 
nephropathy. The frequency in the J 1 series (Table 5) was higher 
namely 84.1 per cent. In the assessment of late complications, how- 
cver, cases of less than 5 years’ duration can hardly be considered. 
( Of the 110 cases of J 2 series, 84 were of less than 5 years’ duration. ) 

The frequency of diabetic nephropathy among all (J1-+ J 2) 
patients who had had diabetes for 5—25 years, 7.e. 125, was 65.6 

er cent. The complication was slightly more frequent among fe- 
nales. In other words, then, of every three patients who had had 
liabetes for 5—25 years, two had nephropathy. 
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Differential Diagnosis of Diabetic Nephropathy. — It was often 
possible to determine the type of renal lesions. Of the 90 with renal 
complications, 50 were males and 40 were females. Kimmelstiel- 
Wilson’s disease was recorded in 24 (15 men, 9 women), chronic 
pyelonephritis with or without involvement of the renal parenchyma 
in 5 women, one of whom probably also had had papillary necrosis. 
Of the remaining 61 patients, 5 were very uncertain cases of 
Kimmelstiel-Wilson’s disease, and 56 or perhaps all 61, thus the 
main part of the cases, could probably by classed under the heading 
of “diabetic nephropathy” in the sense defined by Root e¢ al., thus 
a mixed type of changes dominated by the characteristics of chronic 
nephritis. 


Table 6. Association of nephropathy and other complications. 


Per cent of 
| Complication Females | Males Total total cases 
| analyzed 

| 


| Hypertension 31 | 40 | 2 

| ‘“Pre-hypertensive"’ = 

| Retinopathy, all cases 24 37 61 71.8 

| Stage I 7 6 13 213 

| Stage II 6 5 11 

| Stage Ill 3 19 22 36 
Stage IV 7 8 15 24.6 
(85 out of the 90 cases were 

examined 

| 

| Serum protein 16 13 29 40.3 


(72 cases examined) 
6.5—3.5 gm. per 100 ml. or 
lower 


| Cardiac or Coronary Disease 13 25 38 46 
| (83 patients were estimated ) 


Serum Cholesterol above 200 

| mg per 100 ml. 13 14 27 39 
(69 patients had their chole- 

| sterol-values determined) 


| Total number of patients with 
| renal disease 40 50 90 


| = 
| 
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In the evaluation of the results given Table 6, the patient’s agc 
must also be considered. 

As the mean age of the patients was below 35 at the time of thc 
review, the frequency of hypertension in this series must be regarded 
as high. 

IVERSEN, BJERING & BING (1941) gave 126/84 mm./Hg. as the 
average blood pressure at 40 years, thus a pressure considerably be- 
low that noted in the present series. 

There was also a marked tendency to nephropathy and retino- 
pathy in combination, and in 60 per cent of those with retinopathy 
the fundus showed advanced changes. Co-existent cardiac and renal 
complications were seen in 46 per cent of this fairly young series. 
The serum protein analysis often showed subnormal values. The 
serum cholesterol was not appreciably increased. 

Renal Function in the Present Series. — Of the 90 patients with 
nephropathy in the Vaxj6 series, 68 were examined for renal func- 
tion and the results are given i Table 7. 


Table 7. Renal Function in 68 Patients with Nephropathy. 


Proteinuria 
CCreat Abnormal Esbach-values 
Addis’ concentra- | 40—100 
90—70 170 < 50 tion capa- | mg. per | 0.1—2 | 2 > 10} 
ount | city<1.026] 100 ml. 
ml min. pro mille | 
Female 7 7 23 4 6 16 9 
Male 2 10 23 4 8 32 9 
Total S 17 ee 14 48 18 
26 54 14 66 
Per Cent 33:3 72 16.5 97 | 
of total 
cases ana- 
lyzed) 


The urinary sediments were also studied, especially with regard 
to the occurrence of any microscopic hematuria or cylindruria. 
Hematuria is believed to be common in chronic nephritis, while in 
Kimmelstiel-Wilson’s disease the urine is usually normal except per- 
haps for doubly refractile lipid casts. Clinical evidence, however, 
has shown that these urinary findings are by no means absolutely 
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rcliable. If, as suggested by SPUHLER & ZOLLINGER (1943), the 
patho-histologic picture changes with age, /.e. the picture in children 
is dominated by characteristics of nephrosis, young to middle-aged 
diabetics by nephrosis and glomerulosclerosis and elderly diabetics 
practically exclusively by sclerosis, microscopic hematuria respec- 
tively cylindruria might be expected in elderly diabetics with inter- 
capillary glomerulosclerosis. 

In the present material renal function was impaired in several 
respects. Not only was proteinuria a practically regularly finding 
(the N.P.N. figures were too small to permit any definite conclu- 
sions as to renal function), but in about one third of the cases 
filtration, as measured by creatinine clearance, was also impaired. 

In some cases the creatinine clearance figures were unusually high, 
up to 250 ml./min. and more. Such levels have also been noted by 
carlier by SPUHLER (1946) and STROM (1951), for example. 
SPUHLER regarded them as manifestations of increased vascular per- 
meability. 

Severity of Diabetes and Degree of Adjustment in the Present 
Material. — As known, it is difficult to judge the severity of dia- 
betes in a given case, and the various control rating methods sug- 
gested for facilitating the evaluations of different materials for pur- 
poses of comparison have not found wide use. Therefore, in the 
present investigation attempts were made to judge the severity of 
the disease by more modern methods. The purpose of such a com- 
parison is obvious. Series on a free diet cannot be strictly compared 
with those on a regulated diet, unless the latter also be allowed a 
free diet for some time. In order to permit as objective a com- 
parison as possible with criteria applicable to any diabetic series, 
the method of HALLAS-MOLLER e? al. described in one of the preced- 
ing sections was adopted. 

The results are accounted for in Table 8. It is true that the table 
includes only cases with nephropathy and that it might be objected 
that the figures hold only for such cases, but, on the other hand, 85 
per cent of the material had nephropathy and therefore the figures 
will presumedly hold for the entire J 1 series. 

It is apparent from the table that, judging by the 4 blood sugar 
values, only some 10 per cent were well controlled. Evaluation on 
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Diagram 2. Bodyweight, Dietary Composition, and Insulin Requirement in 
Diabetics with Nephropathy. 
| 
| | | 
+-10% 
| 
4000 
3000 4 
2000 4 
| 180 | 200 | 260 | 300 | 280 400 | 160 225 | 193 | 175 
p {100} 125 | 100] 114] 137] 110] 135 | 113] 76 | 122 79| 60| 
F {110 | 120 110 | 110 | 155 185 | 130 | 245 | 173| 70] 150 65 | 80 10 | 112 107 | 158 


60R 72D: 52D: 48D: 44Zn 522n 24N 482n 40Z2n 36R 6ON 48R 4ON 4ON 560: 36R 40Di 60Di 40R 40 Zn) 
60 4 24Di 24Zn 28 Zn 282n 122n 28R 522n 36Zn 16R 24R 402Zn 32R 322n 


Age in years 


3 5 9 10 12 13 14 15 16 26 30 31 34 36 38 45 46 52 53 55 


Case number 


~ 


carbohydrate. P= protein. F=fat. N=normal insulin. R=insulin pro- 
taminate (N.P.H. insulin). Di-=Di-insulin (Novo). Zn= zine protamine 
insulin. 


the basis of the occurrence of glycosuria and blood sugar levels of 
more than 400 mg./100 ml. gave a similar percentage. 

A survey of the caloric supply is given in Diagram 2, which also 
shows a considerable variation in the caloric intake, food intake, and 
rclative percentages of the various foodstuffs. No closer correlation 
was found between the caloric intake and deviation from ideal body 
weight. Almost all the patients, however, showed a slight tendency 
o overweight. In some cases the caloric intake is high, and the same 
olds true for carbohydrates and fats. 

The Kimmelstiel-Wilson Syndrome in the Vaxjo Series. — In 
the material, 18 of the males and 9 of the females in the Vaxjé 
cries probably had Kimmelstiel-Wilson’s disease, thus 27 (30 per 
cent) of all cases of nephropathy, a figure which must be regarded 
as high. According to GILLILAND (1951), KIMMELSTIEL & PORTER 
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(1948) gave 17 per cent as the average frequency of literatui 
cases, but GILLILAND found a frequency of 25 per cent in his di 
betic material. 

Of the 27 cases, 3 might possibly be excluded. It is true th. 
they showed the typical symptoms of the disease, but they were nv 
pronounced enough to convey the impression of Kimmelstiel-W: 
son’s syndrome with certainty. This would then leave 15 males an: 
9 females. Of these, 4 died at the beginning of the review, and t! 


clinical diagnosis was confirmed post mortem. Six other patients 


died during the course of the review. Here, too, autopsy confirmed 
the diagnosis in the 5 who died in hospital (the sixth died at hon 
and was not examined post mortem). Thus in one third of the cascs 
of Kimmelstiel-Wilson’s disease the diagnosis was verified post 
mortem, The clinical symptoms in these 24 cases are given in 
Table 9. 


Table 9. Survey of the Clinical Features of 24 diabetics with Kimmelsti 
Wilson's syndrome. 


Proteinuria Renal | Car- 
Hyper-}| Retino- | Hypopro- | jn »pro mille» | Insuff-| diac | PAD 
tension} pathy teinemia 
0.1—2] 2--10 | ciency | Failure 
Females 9 7 9 l 8 9 6 4 
2 dead 
not inves- 
tigated 
Males 15 15 12 5 10 14 14 5 
2 dead 
not inves- 
tigated) 
Total 24 Ze 2] 6 18 23 20 9 
25_|_75 
Per Cent 100 100 95 100 95.8| 87 100 
Total pati- 
ents ana- 
lyzed 24 22 22 24 24 23 9 


It is thus apparent that most of the 24 patients had renal, ocula 
and cardiac complications and that also regarding other symptom 
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they agreed with the clinical picture of intercapillary glomerulo- 
sclerosis, as described by HENDERSON ef al. 

As far as the histologic features of Kimmelstiel-Wilson’s disease 
are concerned, opinions still differ as to whether the changes should 
be regarded as inter- or intracapillary, but most authors accept 
BELL’s distinction of a nodular and a diffuse type. Root ef al. of 
JOSLIN’s clinic and PRISCILLA WHITE reported mixed forms of both 
intercapillary glomerulosclerosis as well as arteriolosclerosis and 
chronic pyelonephritis. The histologic observations made in 9 cases 
of diabetes are summarized in Table 10. 


(The histologic examinations were carried out at the Institute of 
Pathology, University of Lund by prosector N. Berg, M.D., who also per- 
formed most of the autopsies and prepared the photomicrographs. These 
photographs illustrate both nodular and diffuse glomerular lesions, which 
with the staining method of Hotchkiss and McManus present themselves as 
typical microscopic changes, indicating intercapillary glomerulosclerosis. ) 


Thus both mixed forms and pronounced nodular forms with 
arteriolosclerosis were seen. The duration of the diabetes after the 
discovery of diabetic nephropathy until death was only 3 V4 years, 
thus relatively short. MANN ef al. (1949) and WHITE (1952) gave 
6 years and 4 years, respectively for fatal cases. In WHITE's series, 
however, now some of the patients lived longer with their diabetes, 
and the average survival with renal injury was 6 years. 

GOODMAN (1953) and others have discussed the relationship 
between intercapillary glomerulosclerosis and arteriolosclerosis. In 
this connection it would be of interest to know whether inter- 
capillary glomerulosclerosis should be regarded as a form of athero- 
sclerosis. The occurrence of pure forms of intercapillary glomerulo- 
sclerosis has, however, been put forth as an argument against such 
an assumption and in the discussion of renal function (see page 104) 
it has been stressed that the prognosis of intercapillary glomerulo- 
sclerosis is not so gloomy as that of malignant nephrosclerosis 
( HOGEMAN, 1948). 

The present investigation has shown that if intercapillary glo- 
merulosclerosis dominates the picture of the renal injury, the dura- 
tion of life will be short. This argues against atherosclerosis being 
the cause of Kimmelstiel-Wilson’s disease and might serve as a 
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differential diagnostic criterium. It might, however, be necessary 
to resort to renal puncture in the estimation of doubtful cases of 
diabetic nephropathy. This method, as a matter of fact, has already 
been applied by a group of Danish research workers (IVERSEN & 
BRUN and RAASCHOU, 1951 and 1953). 


i 


CHAPTER 


DIABETIC RETINOPATHY IN 
THE VAXJO SERIES 


Ocular complications, especially retinopathy were also common in 
this series. The ages at the onset of diabetes and the duration of the 
disease in various age classes are given in Table 11. 

Comparison of the figures with Table 5 will show that most cases 
of retinopathy appeared in a later 5-year class. Retinopathy appeared 
most frequently after 10—20 years duration of diabetes, while thc 
highest frequency of nephropathy occurred about 5 years earlicr. 
This later appearance of retinopathy is difficult to understand. It 
might be partly explained by the lack of ophthalmologic examina- 
tion, but on the other hand, since 1946 there has been an eye spe- 
cialist at the hospital, and by no means all of the patients had their 
complications before then. It is possible that the free diet was a 
contributory cause. VOGELIUS (1949) found the frequency of reti- 
nopathy in diabetes to be on the increase and ascribes this at least 
partly to the introduction of free diet. He also found that of those 
with retinopathy, the changes appear within 5 years of the onset of 
diabetes. Although the highest frequency of retinopathy in the pre- 
sent material was noted in patients who had had the diabetic disease 
for 10—20 years, the duration of the diabetes per se cannot be held 
entirely responsible. Whether the retinopathy can be ascribed to any 
possible protein deficiency in the present material as in that des- 
cribed by SCHNEIDER, LEwis & MCCULLAGH (1946), is not known 
with certainty. It is true that more than 40 per cent had hypopro- 
teinemia, but this figure though fairly high, does not permit any 
valid conclusions as to the etiology of the eye changes. Increased 
adrenocortical function, which, as known, favours retinopathy, was 
not found in any of the cases, but it is quite possible that it was 
present in some of the women who had retinopathy and who had 
had repeated abortions. 
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During the review all of the patients were examined at least once 
by an eye specialist. 

Frequency. — The frequency of retinopathy in the present ma- 
terial (J1-+J2) was 33 per cent (72 of 217). However, as 
pointed out in the discussion of nephropathy (Chapter XI), 84 
of the diabetics in the J 2 series had only had their diabetes for 
at most 5 years, by when retinopathy hardly ever occurs (only 1 pa- 
tient had the complication). If these 84 patients are not included in 
the analysis, but only those who had had the diabetes for more than 
5 years, the frequency will be 60 per cent. 

The figure that should be used for comparison with other series 
is thus 60 per cent, which must, however, be regarded as a mi- 
nimum frequency, because 5 patients who had nephropathy and 
hypertension and 1 with histologically verified Kimmelstiel-W1l- 
son’s syndrome were not examined for retinopathy. If these be in- 
cluded the frequency will be 65.6 per cent. 

Retinopathy and Nephropathy. — Of the 90 patients with 
nephropathy and the 72 with retinopathy, 63 had both complica- 
tions. The total number with complications was 100, because in 
addition to the 90 patients with nephropathy there were 10 with 
retinopathy, which increases the frequency of complications. The 
complications were seen in 57 men and 43 women. 

The Various Stages of Diabetic Retinopathy. — The classifica- 
tion of the fundus changes into various stages varies somewhat 
though not appreciably, from one ophthalmologist to another, e.g. 
WAGENER’s classification, WAITE & BEETHAM’s or GRANSTROM'S 
(1947). In the present investigation GRANSTROM’s nomenclature 
has been adopted. The lesions included in the various stages arc 
given below. 

The list on next page calls for a few comments. WAITE & BEETHAM 
include only the changes actually involving the retinal vessels. As 
to exudates and the like, waxy exudates due to hyalinization of the 
deep hemorrhages develop into “cotton wool’ exudates with sub- 
sequent lipoid deposition. LARSSON, LICHTENSTEIN & PLOMAN fe- 
ported that they based their classification on data from BALLAN- 
TYNE, WAGENER, HANUM, WAITE & BEETHAM and ASHTON. Since 


According to 
Granstrom. (1947) 
I. Isolated hemorr- 
ages. Small, 
round bleedings. 


Stage: 


II. These hemorr- 
(1b) ages are more 
severe and in 


According to 
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According to Larsson, 


Waite & Beetuam. (1935) Licutenstern & Proman. (1952) 


Deep, rounded hemorr- 
ages of venous origin. 


Superficial hemorrages 
in the nerve fiber layer, 
which tend to be 


Capillary micro-aneu- 
rysms. 


Small, round or oval, 
hemorrages in the dee- 
per layers of the retina. 


flame-shaped. Of ar- 
terial origin, but also 
related to capillary 
fragility. 


some cases white 
spots may be 
present. 


The hemorrages be- 
come larger. Wax-like, 
ivory-colored, exudates 
appear. 


Engorgement of re- 
tinal veins. 


III. Numerous he- 
(2) morrages and 
white spots. 


Retinitis proliferans 
with formation of new 
vessels in the vitreous 
and proliferation of the 
connective tissue. 


Narrowing of the ar- 
terioles, evidence of 
sclerosis, micro-aneu- 
rysms of the capillaries. 


IV. Hemorrages into 

(3) the vitreous and 
proliferating re- 
tinitis. 


ASHTON (1949) confirmed BALLANTYNE’s (1945) observations, 
the term punctate hemorrhages has been replaced by micro-aneu- 
rysms. However, LUNDBAK (1953) pointed out that it may some- 
times be difficult for a less experienced examiner to distinguish 
between small deep hemorrhages or punctate hemorrhages and true 
capillary aneurysms and therefore suggests a neutral term “sangui- 
nolent spots’. Although it be difficult to distinguish hemorrhages 
from microaneurysms, it must be questioned whether the introduc- 
tion of such a new term in the clinic is desirable, and whether it 
might not be just as well to call both types “micro-aneurysms’’, for 
the changes are most frequently true aneurysms. 

Frequency and Classification of Retinopathy in the Vaxjé Series. 
The retinal lesions in the Vaxj6 material are summarized in Table 
12, from which it is apparent that in more than half of the cases 
the changes were severe, 7.e. the patients belonged to groups III 
and IV. From Table 12 it also could be stated, that 25 % of the 
entire material of eye lesions, were blind or almost blind. 
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Table 12. A Survey of 72 Patients with Retinopathy (J 1). 


of pa- | impaired vision, | 

a “? Stage I | Stage II |Stage III|StageIV| tients | who are blind, or | 

= (la) | (1b) | (2) (3) almost blind | 

Females 40 of 45] 8 7 5 6(1) | 27 7(1) 
Males 62 7(1) 91) | 16(3)] 8 45 8(2) 
Total 102) | 15:1) | 16/1) | 21/3) | 1401) 72 15/3) 
Totaliter 16 17 24 15 72 18 
living + | 
dead | 
Per cent of | 
Totals 22-2. || 23% | 99.9 25 | 


Bracketed figures indicate deaths. 


It is also clear from Table 13 that the frequency of diabetic re- 
tinopathy was relatively high in various materials. 

Diabetic retinopathy (Table 13) is thus more common among 
poorly controlled patients. The differences in frequency found by 
the various authors in the following list is surely ascribable partly to 
the examination technique and partly to what types of changes should 
be regarded as belonging to diabetic retinopathy. Thus, some 
authors consider changes in the venous lumina as signs of diabetic 
retinopathy: this increases the frequency considerably. In this con- 
nection it might be convenient to mention that ENGEL’s series con- 
sisted of patients who were 40 years of age or less. 

Frequency of Hypoprotemmemia, Hypertension and Cardiac in- 
volvement in Diabetic Retinopathy. 

The results from these investigations are found in Tables 14 and 

Thus about half of the patients with retinopathy also had hypo- 
proteinemia (Table 14), and in agreement with what was said earlier 
concerning SCHNEIDER’s é/ al. results. As mentioned in a previous 
section, nephropathy appeared earlier than retinopathy in this ma- 
terial, as a matter of fact in more than two thirds of the cases. As 
to the remainder, the eye complications appeared first in about half, 
in the other half both symptoms occurred roughly simultaneously. 
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Table 14. A Survey of the Frequency of Hypoproteinemia and Nephropathy. 


oe More than 5 | 

Hypopro- Within 5 years after or before 

teinemia. | oF Nephro- the diagnosis of retinopathy diagnosis of re-| 

6.5—3.5 (= R). 58 cases == 92 % 

per pathy tinopat! 5 | 

N before R|R before N —R Nephropathy 
Females 1] 23 14 5 1 3 
Males 15 40 4 
Total 26 63 4] 9 8 5 
Per cent 44.8 87.5 65(70.7) | 14.3(15.5)} 12.7(13.8) 8 
92(100.0) 


Bracketed figures denote the distribution in per cent of the cases in the 


It is obvious that with the high frequency of hypertension or 
cardiac disease in Table 15 many of the patients with retinopathy 
also had other complications of the cardiovascular system, 7.e. roent- 
genographic enlargement of the heart or electrocardiographic signs 
of myocardial injury. 

Cataract in combination with retinopathy was not so common 
as that found by MARTENSSON & PALM (1950) or by HANUM (cit. 
by AARSETH), who gave 38.6 per cent and 34 per cent respectively. 
In AARSETH’s (1953) material, however, it was almost as common 
as in the present series, namely 22.9 per cent and 22.2 per cent 
respectively. It is generally believed that cataract is more common 
among poorly controlled diabetics. 


Table 15. Frequency of Hypertension, Cardiac Disease and Cataracts. 


| Cardiac or 
diabetics with Di ¢ diabetica 
140 100--95) 
Females 19 3 11 7 
Males 30 2 23 9 
32 
T ) (5) 4 16 
otal 49 54 5 3 


Per cent 


| 

| 

| 

| 

| 
_ (8) 8) 47.2 22.2 
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Other Ocular Findings. -— The rare condition rubeosis iridis dia- 
betica, which v. BAHR (cit. by AARSETH) reported as being on the 
increase and which has a poor prognosis regarding vision, was not 
seen with certainty in the present material, but it might have been 
present in 1 case in a man who had formerly had considerable 
ocular pain and who was found to have secondary glaucoma at the 
review. The venous changes of the type described by VIGGO JENSEN 
in LUNDBAK’s monograph (1953) as diabetic phlebopathy were 
seen in a few cases. 

These authors also mention the occurrence of a diabetic pigmen- 
topathy of the macula lutea as a condition not uncommon among 
diabetics and probably belonging to the picture of long-term dia- 
betes. Changes similar to those described for this condition of the 
eyes were seen in one patient who had already had retinopathy 
for some years with white spots etc. 


The patient was now a man, aged 40. He had had diabetes since he was 
16 and had nephropathy since 1946 and retinopathy since 1947 and is now 
completely disabled. He is one of the 2 patients in the present material who 
had the rare nocturnal diarrhoea (of neuropathic origin). In 1953 the 
ophthalmologist who had examined him since 1948, found that the ocular 
fundi had undergone considerable changes: the papilla had become large, 
pale and excavated and the maculae were marble-like with light-yellow 
patches resembling atrophy after exudates or hemorrhages. Otherwise the 
changes were of diabetic retinopathy. 


Visual acuity. — Of the diabetics, 25 per cent were blind or had 
but poor vision. In most of them working capacity was also reduced 
by complicating renal and/or cardiovascular disease, but in a few 
single cases loss of vision was the only disabling factor. One or two 
of the patients were practically blind already at the age of 20 years. 


= 


CHAPTER XIll 


ARTERIAL HYPERTENSION, SERUM CHOLESTEROL, 
CARDIAC DISEASE AND OTHER ABNORMALITIES 
IN THE VAXJO SERIES 


The most characteristic complications of diabetes are retinopathy 
and nephropathy, In surveys and in the evaluation of the degree of 
complicating arteriosclerosis in diabetes it is also usual to state the 
presence or absence of calcification of the arteries of the legs. In the 
present investigation the patients were not examined for roentgeno- 
graphic signs of arterial calcification of the arteries of the lower 
extremities, because such changes are not related to diabetic athero- 
sclerosis. By roentgenologic examination, however, we estimate the 
degree of sclerosis of the media, 7.e. Ménckeberg’s sclerosis, which 
is related more to age than is the atherosclerosis of the intima. As 
known, patients with Biirger’s disease sometimes have pronounced 
ischemia of the lower extremities without coexistent evidence of 
arterial calcification. In addition, the present material was probably 
too young to expect roentgenographically demonstrable calcifica- 
tion. 

Hypertension and Cardiac Involvement. — Hypertension was 
said to be present if the systolic blood pressure was 150 mm. Hg. 
or more, or if the diastolic blood pressure was 100 mm. Hg. or 
mcre. The lowest limits for both pressures taken together were 
150/90 mm. Hg. or 145/100 mm. Hg. 

A number of fairly young diabetics with a diastolic blood pressure 
of usually 90 mm. Hg. or 95 mm. Hg. and with a systolic blood 
pressure repeatedly of about 145 mm. Hg. and sometimes higher 
were classed as prehypertensive. According to AARSETH (1953) 
all patients with a systolic blood pressure exceeding 150 mm. Hg. 
or varying between 140 mm. Hg. and 160 mm. Hg. should be 
assigned to this group. 

Cardiac function was judged mainly by the size of the heart as 
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estimated roentgenographically, or by the electrocardiographic pat- 
tern. The patients seldom reported cardiac symptoms: this may be 
at least partly ascribable to the low average age of the series. 

As to the serum cholesterol values, those exceeding 200 mg./100 
ml., as measured by the method of Bloor-Sackett, were said to be 


increased. 


Table 16. Survey of diabetics with hypertension, hypercholesterolemia 
and cardiac disease 


“ Cardiac or 
Hypertension Coronary 
Disease 
Number of 
cases ana- 
lyzed 102 102 76 75 
Females 32 4 14 1] 
36 
Males 45 5 15 26 
= 50 
Total 77 86 9 29 37 
Per cent (75.5) 84.3 8.7) 38.2 49.3 


Considering the low average age of the series, the frequency of hy- 
pertension was relatively high (See page 133).This still holds even if 
the 9 prehypertensive patients are not included, although even these 
are probably in a more advanced stage of vascular disease than many 
of the elderly patients with a blood pressure just above the lower 
limit for classification as hypertensive, Clinical experience has 
shown that severe hypertension often appears in patients who have 
had a relatively high diastolic pressure in young years. 

The cardiac cases include patients with electrocardiographic evi- 
dence of more or less chronic myocardial disease and/or roentgeno- 
graphic enlargement of the heart. However, only exceptionally was 
such enlargement of the heart sufficient by itself to assign a patient 
to this group. 

The hypercholesteremia recorded was not particularly high for 
a series on a free diet. KARLSTROM (1939) reported an average of 
226 mg./100 ml. for children on a free diet, as against 169 mg./100 
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ml. for a similar series but on a regulated diet. According to 
PRISCILLA WHITE (1952) control is not said to be satisfactory 
if the serum cholesterol exceeds 200 mg./100 ml. As mentioned 
earlier, however, it is not only the quantity of cholesterol that 
is of importance, but also the ratio between the cholesterol and 
the phospholipids in the blood. Finally, changes may occur in the 
serum lipoproteins and thereby cause diabetic complications despite 
only slightly increased serum cholesterol. 

Serum-Hexosamine Studies. — In Chapter IX mention was made 
of problems bearing on the changes in the glycoproteins in diabetes 
as well as the hypothesis on the deposition of mucopolysaccharides 
in the glomeruli and in the retina in intercapillary glomerulo- 
sclerosis respectively retinopathy. It was also pointed out that in 
the few cases examined, the serum hexosamine level was elevated. 

The serum hexosamine was also determined in some of the pa- 
tients belonging to the Vaxj6 series. The method used was Stary’s 
modification of that described by ELson & MorGANn. Thus the en- 
tire glucosamine bound to serum proteins was determined after 
previous precipitation with trichloracetic acid and subsequent hydro- 
lysis. 

Control Series. — The results obtained in 10 healthy adults (4 
men and 6 women), aged 25 to 49, showed good agreement. The 
values varied between 76 mg./100 ml. and 92 mg./100 ml. (aver- 
age: 86 + 3.5 mg./100 ml.). This agreement suggests that the 
method is fairly reliable. 

Judging by the investigation of the serum glucosamine in the 
Vaxj6 series, the values are higher for diabetics with cardio- 
vascular complications than for those without (110 mg./100 ml.). 
The average value for the diabetics with retinopathy and nephro- 
pathy and who had had their diabetes for many years was 149 mg. 
100 ml., as against only 87 mg./100 ml. for those with fairly recent 
late complications. The average for these two categories taken to- 
gether was 129 mg./100 ml. The serum glucosamine in those who 
had either retinal lesions or glomerular changes was on the average 
123 mg./100 ml. In 2 patients with long-term diabetes and signs of 
severely impaired liver function the values were as low as 78 mg. 
100 ml. and 87 mg./100 ml. The results recorded in the present 
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series are compared below with those reported by earlier workers 
in this field. 


Table 17. Survey of Serum Glucosamine-values in various Diabetic Stages 
(mg.|100 ml.). 


Diabetics with vascular 
: complications (retinopathy 
Author Normal adults Caemcnet R and nephropathy = N) 
diabetics 
Both R and N | Either R or N 
BeRKMAN, RIFKIN 
and Ross (1953) 97(15) 112(14) 153(34) 149(18) 
Hyetm Nietsen & 
Pou sen (1953) 103(5) 113(17) 120(20) 
Present Author 86(10) 110(3) 129117) | 123(6) 


Bracketed figures indicate the number of patients investigated in each group. 


It is clear from the table that in all three series the values tended 
to be higher for complicated cases, 7.e. those with vascular late 
complications. It is possible that these changes in the serum gluco- 
samine level, which, as pointed out in Chapter IX, also occur in a 
number of other conditions, should be regarded as evidence of a 
non-specific reaction, a reaction possibly mediated via the adrenal 
cortex. It has been shown that the serum glucosamine varies with 
the concentration of the ACTH and cortisone, and it does not sound 
unreasonable to suppose that in certain cases a similar mechanism 
might be involved in complicated diabetes. Neither the serum glu- 
cosamine values reported by the other authors cited nor those re- 
corded in the present investigation confirmed JAcoBs’ finding of a 
correlation between these values and the blood sugar level. 

Serum Protein. — The total serum protein was determined gravi- 
metrically by the method of VAN SLYKE. KIMMELSTIEL & WILSON’s 
original description of the syndrome that bears their name included 
edema and hypoproteinemia. Experience has, however, since shown 
that these two symptoms are by no means regular or even frequent 
components of the Kimmelstiel-Wilson syndrome. However, in 
young diabetics with a tendency to nephrosis and in elderly dia- 
betics with advanced diabetes both edema and hypoproteinemia are 
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common. Therefore, although a diagnosis of intercapillary glome- 


rulosclerosis does not necessarily require coexistent hypoproteinemia, 
the presence of the latter does support the diagnosis. 


It is apparent from the table that low serum protein values were 


relatively common in the present material, more common than in 
most series on record but this was probably due to the high fre- 
quency of retinopathy and nephropathy. In the 31 patients with 
hypoproteinemia, 26 had retinopathy and 29 had nephropathy. 
LUNDBA:K reported a distinct correlation between retinopathy and 
hypoproteinemia, 18 of his 19 patients with low serum protein valucs 
having retinopathy, while only 24 per cent of those with nephro- 
pathy had coexistent hypoproteinemia. 

Liver Function in the Vaxj6 Series. — As mentioned in Chapter 
II, some of the patients belonging to the Vaxj6 series were also 
examined regarding liver function. The liver function tests emp- 
loyed were: Urobilin and urobilinogen in morning samples of the 
urine (the cases were studied several times by this test); bilirubin in 
serum, sometimes only the Meulengracht icterus index; thymol turbid- 
ity test; serum critic acid and serum alkaline phosphatases and some- 
times Takata-Ara’s test. The frequency of hepatomegaly was also 
analysed, though not with the thoroughness of GOODMAN. In the 
Vaxj6 series hepatomegaly often could be demonstrated in diabetics 
with a fatal outcome. 

Liver function was said to be impaired if any two of the above 
mentioned tests gave pathologic values. A positive thymol turbidity 
test by itself was thus not sufficient to class the liver function as 
impaired. 

Hypercitricemia without any other sign of disturbed liver func- 
tion was recorded in 9 cases. These were regarded as uncomplicated. 

The results showed that 14 men and 5 women had impairment 
of the liver function, in 4 men and in 4 women the liver was en- 
larged, in 9 patients the citric acid values were increased, in the re- 
maining 42 (24 males and 18 females) liver function was appar- 
ently normal. Thus, of the 76 patients studied, liver function (in- 
cluding enlargement of the liver) was impaired in slightly more 
than 30 per cent. 

Of these 19 patients with impaired liver function, 11 (8 males 
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and 3 females) had co-existent retinopathy. Many of these patients 
had for a long time had recurrent attacks of keto-acidosis. 

Electrophoretic Pattern of the Serum Proteins in the V axjo Series. 

- The protein fractions of serum from some 20 patients with re- 
tinopathy and nephropathy were studied eclectrophoretically, use be- 
ing made of Dettker-Andurén’s apparatus. After electrophoresis and 
staining with bromphenol blue the various protein fractions were 
measured in a photometer for direct colorimetry. The total protein 
value of the serum was determined by the biuret method. 


Table 18. Swrvey of Diabetics with Hypoproteinemia and Edema. 


Number of | Serum protein Hypoprotein- 
Number 0 betics with se- 
normal rum protein 
yze 

| Females 33 17 10 6 4 

| Males 45 30 13 2 zi 

| Total 78 47 23 | 8 1] 

| 

| Per cent 22 60 30) a (10) 14 

| of J 1 mate- 

| rial) 


In most cases the values fell within a normal range, and although 
there appeared to be a slight tendency to a decrease in the albumin 
fraction and an increase in alpha,- or beta-globulin, the tendency 
was not pronounced enough to be regarded as pathologic or to 
permit valid conclusions. 

In a few cases with Kimmelstiel-Wilson’s syndrome, however, 
hypoalbuminemia and/or an increase of the beta globlulins was 
found and in 1 case (Nr 5/V) the alpha-globulin had increased to 
about 25 per cent of the total proteins. This patient, a man, 1s now 25 
years old, he is severely disabled and practically blind. He has had dia- 
betes since he was 7 years of age, and 9 years later he had nephro- 
papathy, which by 1954 had advanced so much that he has had 
chronic uremia for more than half a year and the NPN is 75 
mg./100 ml. 

The results of these few electrophoretic studies were thus in 
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agreement with those reported by earlier workers in this field, 
namely that hypo-albuminemia and an increase in the globulins oc- 
cur in diabetes, sometimes of the alpha, — but probably more fre- 
quently of the beta globulins. 

Considerations on the Application of the Free Diet. — A question 
of paramount importance in the evaluation of the results of the in- 
vestigation is to what extent free diet was allowed in the present 
material. As free diet was not widely used until 1939—1940, it 
could not have exerted any effect on the development of late com- 
plications for more than a limited number of years. Nevertheless, 
as will later be apparent, free diet had been used long enough to 
permit an evaluation of its influence on the prognosis of diabetes. 

Of the 107 patients of the material proper — J 1, 41 patients 
had been on a free diet since the very onset of their diabetes and 29 
within 5 years. In view of the observations made by Forsyth, 
KINNEAR & DUNLOP in their investigation of 1951 (cf. Chapter V), 
these 29 may also be regarded as a free-diet group, too. These 70 
cases represent about two thirds of the J 1 series. The remaining 
third comprises a number of patients who were on a regulated dict 
and extremely well controlled for 10—15 years, during which they 
were free of complications. But very soon after they had been placed 
on a free diet, cardiovascular complications appeared and progressed 
rapidly. In these patients who had thus had their diabetes since the 
end of the nineteen-twenties and the beginning of the nineteen 
thirties the course of the diabetes was less unfavourable than in 
the other patients of the material. As mentioned, they had been 
treated from the beginning with regulated, relatively strict dietary 
regimen and 2, sometimes 3, daily injections of normal insulin. 
With this treatment they were seldom troubled by ketoacidosis, 
and the blood sugar was often maintained within a normal range. 
However, towards the end of the nineteen forties, 7.e. after 
they had been allowed a fre diet for some years, complications be- 
gan to appear. Although the duration of diabetes must be held 
partly responsible for these complications, it is difficult to dismiss 
the thought that it was only the duration that was responsible for 
the less favourable development in the later course of the disease 
in these patients. 
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LUKENS ef al. showed experimentally that chronic hypergly- 
cemia is associated with injury to the beta cells in Langerhan’s 
islands, and as patients on a free diet often have chronic hyper- 
glycemia, there is reason to assume that unrestricted diet must 
worsen the prognosis of diabetes. This unfavourable effect of free 
diet is readily seen in newly discovered cases of diabetes in children. 
When on a free diet from the very beginning, the beta cells in these 
children degenerate, as is obvious from the subsequent fairly rapid 
increase in the insulin requirement to 40 I.U. or more. This implies 
that they have a total diabetes in the sense of LAWRENCE, 7.e. endo- 
genous insulin production is no longer possible. 

It has been claimed that hyperglycemia, which frequently occurs 
in connection with a free diet, represents a stress, as do marked 
fluctuations in the blood-sugar level, which are also capable of 
eliciting pronounced hypoglycemic reactions. 

A few examples are given below of the course of diabetes in pa- 
tients who contracted the disease during the years 1925—1930, and 
who were free of complications until after the introduction of 
free dict. 


Case 71/V. — J. N. Male, born 1903. A brother and a sister died of dia- 
betes in 1910. The patient and a brother contracted diabetes in 1930 while 
they were in U. S. A. They were admitted to hospital. They were primarily 
controlled and left hospital with sugar-free urine. The patient was then 
sugar-free until his return to Sweden towards the end of 1930, when he 
was admitted to Vaxjé hospital. From December, 1930 until 1936 he was on 
a restricted regulated diet and used 3 injections of ordinary insulin per day. 
Insulin reaction in 1936, after which medication was reduced to 2 doses (28 
I.U. and 32 I.U.) and dietary restrictions. The urine was still nearly always 
sugar-free. In 1939 he used one daily dose of zinc protamine insulin and 
from 1940 he has been on a free diet. He then began to show fluctuating 
blood sugar levels, with a fasting level of about 200 mg./100 ml. In 1949 
diabetic retinopathy and 1950 nephropathy were detected. 

Case 72/V. — E. P. Female, born 1910. No diabetes in other members of 
the family. Onset of diabetes in 1926. She received insulin and dietary 
prescriptions. From 1926 to 1939: strict diet and normal insulin. From 
1940 to 1946: zinc protamine insulin and free diet. It was gradually neces- 
sary to increase the dose to 56 I.U. per day. Earlier never more than 44 
I.U. Formerly never ketosis, now fairly often. Hypertension and electro- 
cardiographic changes were observed in 1946, and albuminuria in 1950. 

In 1950 she was admitted because of acidosis. In 1950 renal function 
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was impaired. Since then she has had albuminuria and the hypertensio: 
has persisted. Insulin requirement 52—56 I.U. protamine insulin. No sign 
of retinopathy. 

The following case ts a typical example of the effect of free dict 
on a diabetes in the acute stage. 

Case 14/V. I. E-J. Female, born 1930. Onset at 7 
with 16 I.U.+16 [.U. normal insulin and certain dietary measures. The 


years. Controlle 


dietary restrictions were closely observed and it was soon possible to de 
crease the dose to 8 I.U.4+8 I.U. After a while she was placed on a fre 

diet and before long the dose had to be increased to 32 I.U.+32 Il 

ordinary insulin. She still requires this amount. This large total dose, 6 

I.U., for such a young girl must be taken as evidence of total diabetes, and 
endogenous insulin production is no longer possible, the beta cells probably 
having undergone destruction by exhaustion because of the hyperglycemia 
in association with the free diet. 


Summing up, the late vascular complications have been reported 
in the preceeding paragraphs. In the Vaxj6 series diabetic nephro- 
pathy was found in 65.6 per cent, retinopathy in 60 per cent and 
hypertension in 65.2 per cent. 

The frequencies of nephropathy, retinopathy and hypertension 
found by other authors are given in the list on next page. 
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CHAPTER XIV 


AUTHOR’S MATERIAL II: 
THE LUND SERIES 


DESCRIPTION 

When planning the investigation it was soon realized that the 
clientele at Lund lent itself to certain studies that could not be 
carried out on the Vaxj6 material,e.g. problems bearing on the cf- 
fect of the endocrine organs on the course of diabetes could un- 
doubtedly be studied better in children than in adults. This also 
applies to the investigation of the réle played by liver metabolism 
in the development of diabetic late complications, it being known 
that the liver reacts more readily and more intensely in children 
than in adults. The inclusion of the Lund series in the present in- 
vestigation was thus justified. 

On the other hand, as the Vaxj6 series was also representative 
of childhood diabetes, the onset in these cases having occurred in 
early years, it was not considered necessary to submit the Lund 
series to all of the examinations carried out on the Vaxj6 material. 
Another factor influencing the composition of the Lund material 
is that, in view of the problems to be studied, it was not desirable 
to include all the diabetic children who had been treated at the clinic in 
the course of a large number of years. All elderly diabetics who origin- 
ally belonged to the clientele of the department of pediatrics or 
who attended the department only for a year or so or only at the 
onset of their diabetes would tend to make the material less unt- 
form. As far as the Lund series is concerned, it is of interest mainly 
because the patients are still attending the clinic for control. This 
does not mean that the children automatically pass over to the de- 
partment of medicine round puberty, 7.e. when they are regarded 
as adults, because at the University Hospital, Lund, it is left to the 
children or their parents to decide how soon after puberty they wish 
to be transferred to the department of medicine for further control. 
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Generally speaking, the children prefer to attend the department of 
pediatrics until they are about 18, which means that as far as age 
is concerned, the clientele was very suitable for the present in- 
vestigation. 

During the years covered by the present series the clinic was 
under the charge of one and the same chief pediatrician. As men- 
tioned earlier, during the 1935—-1940 period when most of the 
departments of pediatrics in Sweden began to adopt a free diet, 
carbohydrates intake was for some time still limited at Lund, where 
the bread ration was not allowed to exceed 150 gm. Afterwards, 
however, this reaction was withdrawn, so that the patients were 
then on a free diet. 

Composition of the Lund Series. — This series, then, consisted 
of children who had had their diabetes for a relatively short time. 
In addition the review took place from 1951 to July 1, 1952. Only 
exceptionally were subsequent cases included. As the purpose of the 
investigation in these children was only to elucidate complications 
that might occur in any diabetic in the course of time, absolute 
figures were not always considered necessary. This applies above all 
to the endocrine studies, in which an effective investigation of the 
total function of all endocrine organs was not possible in all cases. 

The material forming the basis of the present investigation con- 
sisted of 42 children (19 ¢¥ and 23 ©). The average at the onset of 
diabetes was about 7 (6.9) years for each sex. At the time of the 
review the average age was 11 14 years, by when the children had 
had their diabetes for about 4 14 years. 


LIVER FUNCTION 


Liver function tests. — In the investigation of liver function the following 
tests were performed: thymol turbidity test, serum protein determinations 
(sometimes with fractionation), prothrombin time determinations, zinc 
reaction test, icterus index (Meulengracht), determination of urobilinogen, 
blood citric acid, alkaline phosphatase in serum, serum cholesterol, some- 
times with determination of phospholipids and total lipids and separation 
of lipoproteins. Hepatomegaly was noted in a few patients in whom the 
liver was palpated more than 4 cm. below the costal margin. 


Resulis. —- The results are summarized in Tables 19 and 20, 
from which it is apparent that many of the patients showed signs 
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of liver function impairment, which was said to be present if any 
two or more of the above tests were positive. The icterus index was 
often fairly high, despite the absence of jaundice. Of the 42 pa- 
tients, the values recorded in 19 were pathologic and the averagc 
icterus index was often increased, namely 1: 10 against 1: 8. 

As to the urobilinogen, and prothrombin time the determinations 
were normal. Hypercitricemia was also common, which, as known, 
is often the case among diabetics without impaired liver function. 
Increased citric acid values were the only abnormal findings in 


Table 19. Survey of Liver Function Test. 


mol test. Citric acid Icteru: 
units tases, units Mi 
Neg Pos. Nor- jy 100 ml. gra 

Normal} 0.10 | 2-6 | >6 | mal >> 30 |Normal] > 15 | > 20 
Females 17 6 8 | 5 12 1] 9 | 7 ] Mean 
Males 14 5 15 4 8 1] 9 8 2 Mean 
Total 3] 1] 33 9 20 22 18 15 | 3 Mean 

and 


5 cases. The thymol turbidity test and the zinc reaction were less 
frequently positive, while the alkaline phosphatases were often 
markedly increased, up to 15—20 units. In this series of diabetic 
children a value of 15 units or less was not said to be pathologic. 
Citric acid values of 30—35 y/100 ml. in combination with phos- 
phatase values of 15—20 units in diabetics are said to indicate a 
disorder of the liver parenchyma: this combination was fairly com- 
mon in the children under discussion. In 2 of the children attend- 
ing the clinic for their diabetes, hepatitis occurred. In both of these 
cases it was probably a question of inoculation hepatitis. The 
metabolic disorders of diabetes showed only a slight temporary in- 
crease during the course of the hepatitis, which passed off without 
leaving any sequels. In 15 (7 <f and 8 ©) of the children growth 
was retarded; in 4 of them the dwarfism was pronounced and as- 


sociated with hepatomegaly and might therefore be classed under 
the heading of Mauriac’s syndrome. The total frequency of impair- 
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ment of liver function was 42.8 per cent (18, 8 ~ and 10 ¥, of 
i2 patients). 

The table shows the total protein value, as determined by the 
biuret method and, secondly the results of electrophoresis according 
to Antweiler. On comparison with the normal values, as determined 
by this method, we see a clear decrease in the albumin and an in- 
crease in the globulins, particularly of the alpha, fraction, and then 
of the beta globulins. It is as a rule these derangements that can be 
seen in diabetes. However, only a few of the patients were studied 


Table 20. Serum Proteins and Electrophoretic Separation of Serum Proteins. 


S : Electrophoretic analysis (Antweiler) in 12 cases 
Serum protein, (6 G und 6 ©) 
Gm ‘100 ml. 
Albumin «, | 
Above 6] 6— 3.5 (Per cent of total protein 
| Females 5 8 57.4 12.8 16 13.8 
| Males 9 10 55.6 13.3 14.5 17.8 
| Total 24 18 Mean of 
| Qandd 565| 13 153 15.9 
| Percent | 54.5] 45.5] Normal 66.7 6.6 10.4 16.4 
| values 4.57 2.22 2.63| + 3.27 


in this respect (6 <f and 6 \), for which reason no valid con- 
clusions can be drawn. However, the serum protein analysis of the 
Lund series showed a general tendency to hypoproteinemia, an ob- 
servation strengthening the validity of the electrophoretic analysis. 
Serum cholesterol, Total serum lipids and Serum lipoproteins. - 
The serum was studied for total lipids, phospholipids and serum 
lipoproteins by the method of Swahn in 28 cases.* Only in 3 of 
these cases were pathologic values noted, mainly an increase in the 
beta-lipoproteins. Serum cholesterol was determined by the method 
of Schénheimer & Sperry. Here it should perhaps be mentioned 
that these values are high in children on free diet, and in this 
series values of 225 mg./100 ml. and even up to about 250 mg./100 
ml. were noted. Then mean value was 210 mg./100 ml., which 
though perhaps not abnormal, bordered the upper normal limit. It 


* Acknowledgement is due to Dr. B. Swahn for the determinations. 
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cannot be said with certainty that this is ascrible to free diet, but on 
the other hand the possibility cannot be excluded. 

Frequency of Retinopathy and Nephropathy in Patients with 
Liver Dysfunction. — Eight of the patients with liver function 
disturbances also had retinopathy and/or nephropathy. In 4 (2 
and 2 ©) these disturbances were pronounced and in 3 of them 
they were serious from a point of view of prognosis and visual 
acuity. Growth was studied throughout and in 2 boys it was marked 
enough to class them as diabetic dwrafs. Two of the patients had 
retinopathy, stage II according to Granstrom, while the third, the 
18 year old youth, had already been operated on because of cataract 
bilaterally. The retinal changes were, however, also severe. 


ENDOCRINE FUNCTION IN THE LUND SERIES 


The endocrine function in the children of this series was studied 
by the following tests. 

Hypophyseal function: excretion of gonadotropic hormones, X-ray ex- 
amination of the sella turcica, in a few cases the ACTH-content of the blood 
(melanophore reaction according to JOHNSSON & HOGBERG, 1953). Adreno- 
cortical function: 17-ketosteroids and 11-oxysteroids; in a few cases ACTH 
test of Thorn. The basal metabolic rate could be regarded as a test of 
both the hypophyseal and the thyroid glands. 


Results. — With the exception of the case described below, none 
of the patients showed signs of a tumour or the like. The hypo- 
physis was possibly involved in 2 cases, in which the X-ray ex- 
amination showed a small sella turcica. In these two cases, however, 
endocrine function appeared to be normal. The basal metabolic 
rate also lay within a normal range. 

Thirty patients, all with normal B.M.R., were studied for the 
excretion of 17 ketosteroids. The values recorded were practically 
normal throughtout. Of 14 patients examined the 11 oxysteroids 
were increased in 4. The ACTH test of Thorn was found to be 
normal in those examined. The Kepler test was done in only 2 cases 
because of the inconvenience to the patients. 

Case A. N. (Nr. 42/L). A boy, aged 13, who had diabetes for 1 year. 
Thirst was not pronounced and he passed relatively small amounts of urine. 
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Growth was rapid for some 6 months before the onset of diabetes and con- 
tinued to be so for about 1 year afterwards. At 13 years he was 180 cm., 
thus about 25 cm. above normal average, but he will probably not grow 
more because the X-ray examination at 14 years showed that the epiphyseal 
lines had fused. The 17 ketosteroids in the urine were also increased and 
on one occasion the melanophore tests gave a high melanophore index. He 
shows signs of commencing insulin resistance and of liver function impair- 
ment. It has been suggested that in this case there is a hyperpituitarism 
with increased secretion of STH and ACTH. 


The gonadotropic hormones and the estrogen substances were 
studied in two thirds of the cases. Of the gonadotropic hormones, 
practically only the FSH was studied, but in one case there was also 
an excretion of LH, despite the fact that the girl had not had her 
menarche. As a rule the boys in puberal age were studied for the 
excretion of FSH, while in the higher age groups the analysis for 
estrogen substances was also carried out. The androgenic hormone 
was judged only by the 17-ketosteroids, no biologic tests were per- 
formed. A syndrome like that described by WHITE, with edema, high 
FSH and low 17-ketosteroids was observed in 2 case. Otherwise 
low normal values were noted for these girls, while for boys 
they were still lower. As a rule menarche was late, usually at about 
16 years. In one girl, glycosuria and the blood sugar varied with 
the different phases of the menstrual cycle. 

Measurement of the penil length of some of the boys showed 
that among those in whom the diabetes occurred at an early age and 
who showed a tendency to growth retardation, the penil length 
was also small for age, and the other secondary sex characteristics 
were also less pronounced. 

As to the other endocrine organs, the thyroid was judged by the 
B.M.R. In only one instance, a girl who had had her diabetes for 
5 years, was the BMR repeatedly increased (+- 35 to + 45 per 
cent) and this patient also showed clinical features suggestive of 
hyperthyroidism. However, the symptoms passed off in the course 
of one year’s expectant treatment. In all of the other cases the values 
recorded were practically always within a normal range. 

Adrenocortical Function in diabetic Ketosis. — In some cases 
adrenocortical function was studied in patients with ketosis. In the 
course of the review 7 patients (5 girls and 2 boys) had ketosis 
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without loss of consciousness. In these it was possible to study 
adrenocortical function. The characteristic feature of these cases is 
that the patients showed electrocardiographic signs of hypopotassemia 
— even in very mild cases in which the patients did not appear ill 
or even in which Kussmaul breathing was not present — which in- 
creased with the oral or subcutaneous fluid therapy started thc 
following day. After the patient had received 2—4 gm. potassium 
chloride by mouth during the course of the second day the electro- 
cardiographic changes disappeared. On the day of admission cosino- 
penia was common, though not regular, and sometimes maximal 
and not infrequently accompanied by leucocytosis despite the ab- 
sence of demonstrable infection. In some cases examined, the urin- 
ary 17-ketosteroids increased in connection with ketosis. One of the 
patients had had an attack of hypoglycemia, which had, however, 
subsided by her arrival at hospital, but the above mentioned changes 
were noted, although the electrocardiographic changes were only 
doubtful or slight. Two cases in which these reactions were often 
seen in connection with attacks of ketosis are described below. 


Case 1. Y. A. Nr. 6/L. A girl, born 1937, had diabetes for 3 years and 
had had frequent attacks of acidosis with a tendency to abscess formation. 


During ketosis adrenocortical function was appraised by the following tests: 


1 7-ketoste- 
roids 


Eosinophils 


E.C.G. 
per mm 


| | 
| 
Day of Admission Prolonged Q —T interval 18, 0, 0.6 | 1 mg day 
| | 
| | 


Second day normal 63, 44 5.6 mg/day | 

| 2.3 mg/day 3 

Case 2. G. N. Nr. 41/L. — A girl born 1943. She had had diabetes for 


1 year at the time of the review. The parents were old, her sister was 26 
years of age. Diabetes in the father’s family. Mother had a period of de- 
pression when she realized that her daughter had diabetes and soon found 
it difficult to look after the home and the child. The child was spoilt. 
When she could not get her own way at home, she reacted with increased 
thirst, she began to vomit and gasp for breathe. The same thing occurred 
when she went to the dentist’s or when she had trouble at school, and when 
she was refused to have visitors outside of the usual visiting hours at 
hospital. and then ketonuria occurred within an hour. 
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| E.C.G. Eosino- ; | 1 7-ketoste- | Cortico- | 
| | phils mm” | roids | steroids 
I 
Day of Admission} Hypokalemia in 2 
records 6, 0,0, 0.0 | 5 mg/day 
Following day Commencing return 
to normal 30'mm* |5.2 mg/day 
| 
Day of Admission! 9 a. m. Incip. hypo- | | | 
potassemia | 25 |7.0 mg day | 0.71 mg/day 
> 3 p.m. Marked hy- | after 
popotasemia 31 | Sprechler, 
> 7.30 p.m. (after 2 gm 0 this value is 
KC1) Almost nor- increased 
| mal electrocardio- | above nor- 
graphic findings 6 | mal) 
_ Later The following day | 65, 75, 131 | 5.6mg day | Not deter- | 
| E.C.G. normal | onthe fol-|(15 days | mined 
| lowing day | later) | 


The patient was re-admitted several times because of the same 
trouble, but after the psychologic backgrund of the situation had 
been made clear to the mother and to the child separately, the 
tendency to this “emotional” keto-acidosis has gradually decreased. 

Summing up, liver function disorders were seen in about 40 per 
cent of the Lund series. As far as the carbohydrate metabolism is 
concerned, the results of the citric acid determinations and the phos- 
phatases are important, especially in view of the assumption that 
disturbed liver function with increased glycogen catabolism can 
probably be explained by increased liver phosphatases. It is diffi- 
cult to analyse the relationship between the pancreas and the liver 
in patients with impaired liver function despite the attention given 
to this point (SiwE, 1932). HEINTZELMANN (1954) also reported 
increased phosphatase activity, which was more common in patients 
with retinal changes. 

Disturbances of the endocrine organs leading to diabetes, 7.e. 
extra-pancreatic diabetes could not be demonstrated in more than 
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one case, but the frequent involvement of the adrenal cortex in pa- 
tients with ketosis was also confirmed in the present series. 

It appears from observations made in the Lund material that im- 
paired liver function is involved in the development of late vascular 
complications in diabetes mellitus (ENGEL, 1947, 1950). 
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SUMMARY 


Factors considered of primary importance in the development of 
late complications of diabetes were studied in an adult series of 217 
patients, treated at the medical department Vaxj6 Hospital and in a 
childhood series consisting of 42 juvenile diabetics treated at the 
pediatric department University of Lund. Both series were on a free 
diet. 

Attention was directed mainly to the importance of diet and to 
problems bearing on liver metabolism and endocrine function and 
the results are accounted for against the background of literature 
studies of earlier investigations in this field. 

The observations of interest may be summarized as follows: 

1. Of the Vaxj6 series, which consisted of patients in whom dia- 
betes had occurred before the age of 40 years, the following late 
complications were noted after 5—25 years of duration of diabetes: 
Nephropathy in 65 per cent, retinopathy in 60 per cent and hyper- 
tension in 65 per cent. Nephropathy was practically always the first 
of these late symptoms. 

Of the patients who had had their diabetes for more than 10 
years, only 7 (6 14 per cent) were free of vascular complications. 

The Kimmelstiel-Wilson syndrome was diagnosed on clinical 
grounds in 24 cases and in one third of them the diagnosis was con- 
firmed post mortem. The serum hexosamine was found often to be 
increased, especially in the presence of vascular lesions. 

2. Of the Lund series (19 boys and 23 girls) the liver paren- 
chyma was found to be involved in 40 per cent. 

Typical of these liver complications is that they appear about 5 
years after the onset of diabetes, that they are fairly often (about 
30 per cent) seen in combination with moderate retardation of 
growth and sometimes (about 20 per cent) with co-existent or sub- 
sequent vascular complications in the form of nephropathy and/or 
retinopathy. 
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Endocrine function studies in the Lund series suggested that a 
primary endocrine non-pancreatogenic form of diabetes is rare and 


that the functional patterns of the adrenal cortex during ketosis or 


“stressful life situations” readily changes. 

The observations described above suggest the following con- 
clusions: 

1. The development of long-term diabetes is influenced not only 
by duration of the diabetes but also by any impairment of liver 
function and by endocrine factors probably mediated via the adreno- 
hypophyseal axis and by stressful life situations. 

2. The disturbed liver function and endocrine homeostasis of the 
body is ascribable or at least favoured by unrestricted diet. 

3. Dietary restrictions should be observed in the management of 
diabetes, especially as a prophylactic measure against long-term 
diabetes. 
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Fig. 1. Kimmelstiel-Wilson syndrome. Typical nodular lesions. Micro-photo 
from the kidney of Case 100. — McManus staining method. 


Fig. 2. Kimmelstiel-Wilson syndrome. Micro-photo from the kidney of Case 
103 showing early lesions, of both nodular and diffuse type. — 
McManus staining method. 
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Introduction 


The adult red cells! have been studied extensively from different points of 
view, but comparatively little is known even now about the processes that are 
responsible for the normal red cell destruction. These processes may be divided 
into two different types, an extra-corpuscular one and an intra-corpuscular 
one. The shortened in vivo survival of the red cells in certain pathological con- 
ditions may be due to abnormalities in the one or the other of the processes 
mentioned. Of an extra-corpuscular nature are the specific hemolysins and 
agglutinins found in different acquired hemolytic anemias. Intra-corpuscular 
factors related to the structure of the red cell itself are of major importance 
for the decreased red cell survival appearing in diseases like congenital 
hemolytic anemia, in sickle cell anemia, and in thalassemia. 

From in vitro experiments we know numerous ways in which the red cells 
can be destroyed or hemolysed. Whether or to what extent these processes 
are responsible for the normal red cell destruction in vivo is something about 
which we still have no definite ideas. The most important progress made in 
this field of research during the last few years is the introduction of reliable 
methods for determining the life time of red cells in vivo. Now it has become 
possible to compare the life time of different red cell populations with their 
in vitro behaviour. 

In order to extend our knowledge concerning red cell destruction, more 
detailed in vivo and in vitro studies of normal and pathological red cells are 
needed. The more we learn about different types of red cells, of their compo- 
sition, architecture and function, the closer we will reach an understanding 
of the real nature of the normal process of destruction. 

The normal fetal red cell differs in many respects from the adult red cell. 
The shape and the hemoglobin differences are well known, but there are 
ndications of other differences, which are not very well known or understood. 

The primary purpose of this investigation has been to study the osmotic 
properties, the mechanical resistance and the storage behaviour of fetal red 
cells. There is reason to believe that fetal and adult red cells show differences 
in these properties, all of which are supposed to be correlated to the process 


1 In this paper the term “adult red cell” always means a red cell of an adult. 
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6 
of red cell destruction in vivo. Another aim of the investigation has been to 
give, if possible, further information on the characteristic postnatal erythro- 
cyte changes, the mechanisms of which are still in part obscure. Since there 
are no definite normal values for the osmotic and mechanical resistance of 
red cells from birth to puberty the study of these properties has been ex- 
tended beyond the neonatal period. 

In the first chapter a short survey of the properties of the adult and fetal 
red cells with special reference to characteristic differences will be given. 
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CHAPTER I 


\ Short Survey of the Adult and Fetal Red Cell Properties, 


with Special Reference to their Characteristic Differences 


; The Normal Adult Red Cell 
Shape 

In one projection the adult red cell is circular, in the other it is biconcave. 
\s a whole it has the shape of a symmetrical biconcave disc. This peculiar 
shape is the most suitable one for the respiratory function of the erythrocyte. 
Nobody has been able to explain how this shape is maintained. It is supposed 
to be dependent on the interior structure of the cell. 


Dimensions 


The mean volume of the adult red cell is 87 v3, its mean diameter 8.4 u, 
its mean thickness 2.4 uv, and its mean surface area 163 uw”, all values referring 
to red cells in plasma.! The spherocyte index, i.e. the ratio mean thick- 
ness/mean diameter, is about 0.27. In dry, stained films the mean cell dia- 
meter is 7.5 4 and the mean cell thickness 2.0 u, giving a spherocyte index 
of 0.26. 


Metabolism and life time 
The erythrocytes are living cells, showing metabolic activity. They con- 
sume oxygen, the mature ones more slowly than the reticulocytes. The red 
cells also utilize glucose both by oxidation and fermentation, the end product 
iti the last case being lactic acid. At present glycolysis is considered the most 
uportant, and maybe the sole process yielding energy. By different methods 
ie life time of the normal red cell has been estimated to be about 120 days. 
he “age” is probably the most important mortality factor, but also random 
auma may play a role. 


hemical composition 
The chemical composition of the red cell is fairly well known. It contains 
emoglobin, other proteins, lipids, different electrolytes, glucose, urea, uric 


1 When no special reference is given in this paper, the normal values are taken from 
LBRITTON, Standard Values in Blood, 1952. 
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acid, creatin, creatinine, enzymes, and water. About 65 % of the total content 
is water and 35% is solids. The hemoglobin constitutes 80 to 90% of the 


solids. 


Interior 


Of the total interior volume, about 25% is occupied by hemoglobin, the 
mean corpuscular concentration being about 34 g/100 ml. The interior water 
volume is about 70%. As the most striking feature of the interior, PONDER 
(1948a) points out “the intimacy in which the hemoglobin molecules are 
situated with respect to one another’’. He also stresses that the ions ‘‘in the 
spaces between the hemoglobin molecules are subject to conditions very 
different from those obtaining in dilute solutions’. According to PONDER, 
the system is on the threshold of gelation. Whether the interior of the red 
cell has any other structural component has been discussed. The protein 
stromatin has been supposed to form a structural network, but at present 
the question cannot be regarded as settled. 

Another most remarkable feature of the red cell is its high potassium and 
low sodium content, in contrast to the low potassium and high sodium con- 
tent of the extracellular fluid. Permeability studies with radioactive isotopes 
of potassium and sodium have definitely shown that both ions are readily 
permeable (SOLOMON, 1952). The concentration gradients therefore must be 
maintained by processes that for the present are interpreted as active ones, 
i.e. requiring energy expenditure. These processes are probably linked to the 
glucose metabolism. When the glucose has been exhausted, the transport 


mechanism fails. 


Membrane 

A lipo-protein-water membrane surrounds the interior of the cell. Electro- 
phoretic studies have shown that the cell surface is dominated by acid groups. 
The detailed molecular arrangement of this membrane is not known. One of 
the most recent structural patterns is given by PARPART and BALLENTINE 
(1952). They describe tangentially oriented protein molecules in several layers 
and interspersed lipid molecules bound to the protein or to each other. The 
water content must be low. PARPART and BALLENTINE are of the opinion 
that the lipid parts of the membrane form pores. By rearrangement of the 
lipid molecules, these pores can be changed under special circumstances to 
continuous water channels going from the interior of the cell to the extra- 


cellular compartment. 

The most recent theory of the ultrastructure of the red cell membrane, 
based mainly on electron microscope investigations, is presented by HILLIER 
and HOFFMAN (1953). They introduce a “plaque theory”. The membrane 
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consists of plaques situated on the outside of a fibrous network joined to- 
gether by lipids. The areas between the plaques are considered to be the 
pores. The plaque size is variable, on an average the diameter was estimated 
to be about 200 A. The pore size varies with the plaque size, being for a 
plaque size of 200 A about 35 A. 

The value of the total thickness of the membrane is rather uncertain, 
approximately 50-100 A (PARPART and BALLENTINE 1952). 

It is quite obvious that the membrane structure is closely related to the 
permeability properties of the red cell, but at present there is no complete 
picture of the functional mechanisms of the membrane. The membrane does 
not normally permit the passage of hemoglobin. The cations permeate slowly, 
the anions more rapidly, and water with great rapidity. 

For more details concerning the normal adult red cell the reader is referred 
to PONDER (1948a), PARPART and BALLENTINE (1952), GIBSON (1953), and 
DENSTEDT (1953). 


The Red Cells during Fetal Life 

Erythropoietic periods 

In the young fetus most of the red cells are large primitive nucleated 
erythroblasts, which are produced in blood foci of the mesenchyme, especially 
in the yolk sac (BLOOM and BARTELMEZ 1940). This mesoblastic period of 
hematopoiesis covers the first two to three months (Fig. 1). It is followed 
by the hepatic period, which is most active from the second to the sixth 
month. During this period the primitive cells are successively replaced by 
smaller ones, the mature nucleated normoblast, which are precursors of the 
ordinary erythrocytes. At the end of the second month about 50% of the 
red cells are primitive erythroblasts, by the fourth month all primitive cells 
have disappeared. The third or the myeloid period begins in the fourth 
month (KNOLL 1950). 


Vumber and type of fetal red cells 


During the first months of fetal life the total concentration of red cells 
increases rapidly (Fig. 2). At the same time the nucleated cells and the 
reticulocytes decrease. In the middle of the third month there are about 8% 
vf nucleated red cells. After the fifth month less than 1% are nucleated. 
rom the late period of gestation only a few red cell and hemoglobin 
figures are available. The mean cell volume and the mean diameter 
lecrease rapidly during the first three months, more slowly thereafter. 


The mean cell hemoglobin concentration seems to be fairly constant during 


fetal life, ranging between 31 and 34 g/100 ml of red cells. There is no in- 
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Fig. 1. The different stages of erythropoiesis and their relative magnitude during fetal life 
(after KNoLL 1950). 


formation available about the shape of the fetal red cells during the hepatic 
and the myeloid periods. From the blood values of 30 fetuses, aged between 
78 and 177 days, published by WINTROBE (1951), a spherocyte index of 0.24 
in fresh red blood cells and 0.32 in stained ones can be calculated. Nothing 
is known about metabolism, life time, chemical composition, structure, and 
permeability properties of the erythrocytes during the early or the middle 
fetal life. (For literature concerning fetal red cells, see WINTROBE 1951). 


The Red Cells at Birth 


Shape and dimensions 


In cord blood there are about 4.7 millions of red cells per mm?. They are 
larger than the adult red cells, with a mean volume of 106 yu? and a mean 
diameter of 8.0 y in stained films. The mean cell hemoglobin concentration is 
about 33 g/100 ml (HORAN 1950). Their general shape is that of a biconcave 
disc. The above standard values give a spherocyte index of about 0.28. 


Site of formation 

All of the placental red cells are fetal in origin, representative of the late 
fetal life.! There are, however, distinctly different kinds of fetal red cells at 
birth. Owing to the site of formation, there are at least two kinds, those 
formed in the bone marrow and those formed extramedullarily, mainly in 
the liver. Judging from the erythropoietic activity of the different sites 
(Fig. 1), the medullary type must be greatly in the majority. Whether these 
two types differ in any functional respect, we do not know at present. 


1 In the following the terms ‘‘fetal red cells’? and “cord blood red cells’? have been 


regarded as synonymous meaning the red cells of the cord blood of full-term infants. 
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Hemoglobin 

With respect to the kind of hemoglobin, the fetal red cells are also of dif- 
ferent nature. Of the red cells at birth, about 70% contain the so-called fetal 
type of hemoglobin and about 30% the normal adult type (SCHULMAN and 
SMITH 1953). The fetal hemoglobin has the same molecular weight as the 
adult hemoglobin (about 66,000), and the general shape of the molecules is 
also the same (GUTFREUND 1949). In many other respects, however, these 
two types of hemoglobin show remarkable differences, all of which are sup- 
posed to be dependent on differences in the globin part of the hemoglobins 
(LECKS and WOLMAN 1950). 

The fetal hemoglobin denaturates to alkali hematin much more slowly 
than the adult hemoglobin (KORBER 1866). Their rates of spread in mono- 
layers are different, the fetal type forms a stable layer more slowly. By using 
this spreading technique BRINKMAN and JONXIS (1935) found the isoelectric 
point of fetal hemoglobin to be 6.7 and that of adult hemoglobin 6.9. Electro- 
phoretic studies have shown that the adult hemoglobin has a greater anodic 
mobility than the fetal hemoglobin (BEAVEN, Hocu and HoLipAy 1951). 
The two types are also distinguished by a different crystal form and by 
different solubility behaviour (JOPE and O’BRIEN 1949). The oxygen dis- 
sociation curve of the fetal hemoglobin is shifted to the right of the adult 
curve, which highly favours the gas diffusion between mother and fetus 
(SMITH 1951). Even their amino-acid composition (PORTER and SANGER 1948) 
and their immunologic properties (DARROW et al. 1940) are different. Nothing 
is known concerning the possible differences in the site of formation of fetal 
and adult hemoglobin. 

With the exception of the shift of the oxygen dissociation curve, the 
physiological significance of the special fetal hemoglobin is not known. In 
this connection, however, it is of interest to mention that other atypical 
hemoglobins have been found in some diseases that are characterized by red 
cells with a shorter life time than normal, dependent on intrinsic defects of 
tie red cells. Such diseases are sickle cell anemia and thalassemia, and also 
some cases of hereditary spherocytosis (SINGER, CHERNOFF and SINGER 
1951). 

Whether there are any other remarkable differences in chemical composi- 

on or in structure between the late fetal red cells and the adult red cells, 

e do not know. In the red cells of sixteen children aged 5-9 years, ERICKSON 

al. (1937) found an increased potassium concentration, when calculated in 

rms of meq. per liter cell water, and it does not seem unlikely that the 

d cells at birth also differ from the adult cells with regard to their mineral 
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Metabolism 


The metabolism of fetal red cells has not roused much interest. The only 
investigation on this subject is that of FAHR2US (1953), who showed that 
the activity of the acid phosphatases of laked red cells from newborn infants 
(cord blood) had a lower temperature optimum than laked red cells from 


adults. 


The Red Cells of the Newborn 


Changes in number and type 


During the first two hours after birth, there is a temporary rise in the red 
cell count, in the hemoglobin values (Fig. 2), and in the number of reticulo- 
cytes. The mean cell volume and the mean cell diameter both show a slight 
rise (WEGELIUS 1948, WEICKER et al. 1953). 

After the first three to four days of life and until the second month the 
number of red cells per mm® steadily declines. The hemoglobin percentage 
falls more rapidly than the number of red cells (Fig. 2). The number of nu- 
cleated red cells and of reticulocytes, which is rather high at birth, falls 
rapidly after the first or the second day, avd at the end of the first week of 
life there are no signs of a hyperactive red cell production (FAXEN 1937; 
GAIRDNER, MARKS and Roscoe 1952). At the same time the hemopoietic 
tissue of the liver has disappeared in full-term infants (LANGLEY 1951). The 
mean cell volume and the mean diameter decrease steadily. The mean cell 
hemoglobin concentration seems to be practically constant during this 
period (HORAN 1950). The percentage of fetal hemoglobin starts to diminish 
after birth, and at the age of 6-7 months practically all fetal hemoglobin 
has disappeared (BRINKMAN and JONXIS 1935). 


“The physiological anemia” 


The real nature of this striking decrease in hemoglobin and red cells during 
the first months of life has been much discussed during the last decades. For 
details, the reader is referred to the papers of FINDLAY, HIGGINS and STANIER 
(1947), MOLLISON (1948), KUNZER (1951), MOLLISON (1951), and SMITH (1951). 

For a long time it was taken for granted that the so-called physiological 
anemia and the hyperbilirubinemia of the newborn were the results of a rapid 
and excessive red cell destruction starting immediately after birth. At pre- 
sent there is, however, no convincing evidence of such an excessive hemolysis. 

By the differential agglutination method of ASHBY (1919), MOLLISON in 1948 
made a first attempt to measure the life time of the red cells of newborn in- 
fants. He concluded that the majority of the cells had the same life time as the 
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Fig. 2. Variations in red blood cell count (RBC, millions per mm*), hemoglobin concentration 
(Hb, g per 100 ml red cells), and mean red cell volume (MCV, y’) during different ages. (The 
values obtained from ALBRITTON 1952, and WEGELIUS 1948). 


adult red cells, but he also drew the conclusion that there was a minority of 
cells with a shorter life time. After improving the procedure by transfusing 
a control population of adult red cells together with the cord blood cells and 
by using only venous blood for the counting, MOLLISON continued his work. 
In 1951 new experiments were published. They were interpreted in the same 
way: ‘Some, at least, of the red cells produced during late fetal life survive 
for a shorter time than adult red cells.’ This statement seems convincing. 

The fetal and adult hemoglobins in premature infants have been studied 
by SCHULMAN and SMITH (1953). They too, from their point of view, were 
able to conclude that “the initial red blood-cell population present in the 
premature infant has a decreased survival time’’. 

Today it seems very probable that at least some of the fetal red cells have 
a shorter life time than the adult ones. This, however, cannot be the only 
explanation of the physiological anemia. Another, and possibly the main 
factor responsible for the decreasing post-natal erythrocyte count is the sup- 
pression of the erythropoietic activity of the bone marrow, together with 
the post-natal falling off of the extramedullary hematopoiesis (VAHLQUIST 
1941; LANGLEY 1951; GAIRDNER, MARKS and RoscoE 1952). The physiolo- 
ical anemia may also partly be explained by a dilution of the blood during 
‘he first month of life (STAHLMAN, KARLBERG and LIND 1951). As to the 
physiological icterus of the newborn, most studies positively support the 
‘iew that the hepatic immaturity is the main cause (FINDLAY et al. 1947). 
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CHAPTER II 


The Osmotic Resistance of the Red Cells of Fetuses. 


Children and Adults 


Special credit should be given to JACOBS, PARPART, PONDER, and WIL- 
BRANDT for their contributions to our knowledge of the osmotic properties 
of the adult red cell. PoNDER’s ‘‘Hemolysis and related phenomena” (1948 a) 
and the series of papers by JAcoBs et al. (1930-52) contain much information 


about the osmotic properties of the red cells. 


The Process of Hemolysis 


As an introduction to this chapter a short, general description of the hemo- 
lysis in hypotonic NaCl solution is appropriate. 

In a hypotonic NaCl solution the red cell takes up water in order to main- 
tain iso-osmotic conditions. Owing to the apparent electrolyte semiperme- 
ability of the red cell membrane no electrolytes are lost, and the cell swells 
until osmotic equilibrium between the cell and the hypotonic media is re- 
gained. The degree of swelling depends on the degree of hypotonicity. If the 
red cell were an ideal osmometer, the swelling would follow the ‘‘van’t Hoff 
Mariotte law”, which for the present purpose could be written 


CV (1 


where Cy is the initial osmolar concentration, V, the initial ‘‘osmotically 
effective volume” of the cell, and C and V are the corresponding new con 
centration and volume (the solution is assumed to behave ideally in the 
sense that activities can be substituted by concentrations).! In practice the 
red cells sometimes are nearly perfect osmometers, Sometimes quite imperfect 
GUEST (1948) has been able to show that normal human red cells from hepa 
rinized blood follow the equation (1) in NaCl solutions in concentrations 0° 
0.900% to 0.425% (153.9-72.7 mM). The same was found to be the case 
with red cells from children and newborn infants. In concentrations belov 
0.425 °, the osmometer function is limited by the hemolysis. Red cells fron 


1 See also p. 19. 
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oxalated blood and red sickle cells, on the contrary, do not follow the equa- 
tion (1), i.e. they are imperfect osmometers (PONDER 1948a; GUEST 1948). 
During the swelling the red cell changes shape. Crenations appear and the 
biconcave dis¢ becomes more and more spherical. During the first stage of 
swelling the cell diameter decreases continuously, the surface area being 
practically constant. In the second stage “‘some structure seems to give way 
suddenly” (PONDER 1948 a, p. 82), the cell becomes a sphere and the area 
decreases momentarily. The third stage of swelling is characterized by a 
continuous increase in diameter and surface area of the sphere. When the 
area of the sphere has become approximately the same as that of the initial 
disc, the so-called critical volume is reached. In the very moment of reach- 
ing this volume the membrane is stretched and the cell starts to lose its 
hemoglobin, i.e. the cell hemolyses. 

The osmotic properties of the red cells can be studied in different ways. 
Determination of the red cell fragility or resistance in different degrees of 
hyvpotonicity is the method most commonly used. This test, however, gives 
information only of the end state of the process of hemolysis. For a more 
complete understanding of the process it is of importance to know also the 
rate at which this end state is reached, or in other words, the rate of entrance 
of water into the cell (JACOBS 1932a). Both aspects of the process of hemo- 
lysis will be dealt with here, firstly the resistance and, secondly, in Chapter 
IV, the kinetics of hemolysis in hypotonic media. 


Earlier Investigations 


The osmotic resistance of the red cells from infants and children has been 
ihe subject of numerous investigations. There is, however, a remarkable lack 
' conformity in the results. 
In cord blood, GOLDBLOM and GOTTLIEB (1929) found a markedly lowered 
vsistance of the red cells in comparison with the adult red cells. FINDLAY 
'945) could show but a slightly diminished resistance. GENTILI and FASCIONE 
948) observed a few erythrocytes of minimal resistance in the fetal blood, 
hile the number of those of maximal and average resistance were increased. 
\WFORD, CUTBUSH and MOLLISON (1953) found the value of 50% hemo- 
‘is to be the same in cord blood and in adult blood, while 5% hemolysis 
‘is often seen at a higher concentration in cord blood than in adult blood. 
‘her authors have not observed any differences (MITCHELL 1928). 
An increased span of hemolysis at birth, i.e. an increased range between 
e beginning and the complete hemolysis, has been demonstrated by SIMMEL 
il SIMMEL-RAPP (1924) and by WAUGH, MERCHANT and MAUGHAN (1939). 
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The earlier investigations on the resistance of the red cells during infancy 
and childhood also reveal divergency of opinion. SIMMEL and SIMMEL-RAPpP 
(1924) found a high number of resistant cells during the first month of life 
thereafter the resistance decreased, but as a whole an increased resistance 
was noticed until puberty. WHITBY and HYNES (1935) studied 10 infants 
during the first 24 hours after birth. They stated that some cells are less 
resistant and others more resistant than adult red cells. In a study of 167 
infants during the first 9 days of life.) WAUGH, MERCHANT and MAUGHAN 
(1939) found a greater resistance during the first four days. Thereafter the 
values tended to return towards normal. After investigating 50 children aged 
between 2 months and 12 years, Cormick (1942) stated that the osmotic 
resistance of the red cells during this period was comparable with the resist- 
ance of adult red cells. In four infants, investigated during the first week of 
life, he found a slightly decreased resistance in the lower concentrations. At 
the age of 11 days the osmotic resistance had reached the values found in 
the older infants. In a group of 85 children aged from one day to 12 vears, 
FINDLAY (1945) observed a slight increase of resistance. An increased resist- 
ance compared with normal adults was found by CRAWFORD, CUTBUSH and 
MOLLISON (1953) in infants aged 2-5 days. 

None of these investigators has tried to interpret or discuss the results with 
regard to their significance. 

No investigations have been published concerning the osmotic resistance 
of red cells from the early or middle fetal life. 

There is obviously good reason for agreeing with SMITH (1951), who states 
that ‘‘data as to the relative fragility of erythrocytes during the newborn 
period are rather unsatisfactory”’. 

The divergencies of opinion are not difficult to explain. Only a few authors 
have observed or taken into account the rapid change in osmotic resistance 
immediately after birth and they make no distinction between cord blood 
and blood of the first days of life. 

There is also a common tendency to look on all the cells as a whole, de- 
scribing their resistance as either increased, normal, or decreased in com- 
parison with the adult red cells. A more detailed analysis might have revealed 
that the total red cell population was built up of smaller populations with 
different osmotic properties. 

The diversity of opinions may also originate from the rather unsatisfactory 
methods often used. Many factors that strongly influence the osmotic resist- 
ance of the red cells were not known to previous investigators. Few authors 
have used the same method, and their results have thus not been quite 


comparable. 
The most important methodological factors will be discussed in brief. 
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Methodological Problems 


In order to characterize the whole red cell population the method must give quan- 
titative figures by which a percentage hemolysis curve can be plotted. The determination 
of the beginning and the complete hemolysis concentrations only, as a rule done in 

he clinic, is unsatisfactory, since both these points are very difficult, not to sav 
impossible, to determine exactly. A percentage hemolysis curve is most conveniently 
inade by determining the concentration of the hemoglobin lost to the supernatant 
fluid in a series of hypotonic saline Solutions after a given time. Counting the un- 
hemolysed cells is a less sensitive and a more time-consuming procedure. 

Ifeparin is preferred as an anticoagulant. In oxalate the red cells do not behave as 
osmometers, and with citrate slight hemolysis is risked. 

The relative amount of plasma and saline must also be considered. If there is much 
plasma in relation to saline, the salt-containing plasma will influence the final saline 
concentration. Therefore, either the same proportion of cells to plasma or very small 
amounts of cells and plasma in relation to saline have to be used. 

The unit of amount has frequently been a “drop” of blood. In quantitative work 
such an inexact measure must be avoided. Instead, one has to use a constant amount 
of cells, washed or unwashed, in a constant amount of saline. 

There are also a few still more important factors to consider. Red cells from arterial 
blood are known to be more resistant than those from venous blood. It has been 
iown that this higher resistance depends on the lower carbon dioxide and the conse- 
quently higher pH in arterial blood. Some authors have tried to overcome this problem 


hy oxygenating the blood in air. 

A better way to obtain accurate results is to use very small quantities of blood in 
relation to saline and well-buffered saline solutions (JAcCoBs and PARPART 1931). A 
dilute hemolytic system is very sensitive to changes in pHI. An increase of pH gives 
an increase in osmotic resistance. A change in pH of 0.1 between pH 6.0 and 8.5 
corresponds to a change in saline concentration of about 0.010% (1.7 mM). 

The degree of oxygenation in itself plays only a minor role. Completely oxygenated 
ed cells are more resistant than the completely reduced ones. Laboratory saline 
olutions, however, are in equilibrium with the room air, and in such solutions hemo- 

lobin will be almost completely oxygenated. When the pH is constant, special 
precautions are not needed with respect to oxygenation. 

The osmotic resistance is also strongly influenced by the temperature. The lower 

« temperature, the lower the resistance. In JAcosBs’ and PARPART’s experiments 

931) a change in temperature of 10°C in the region from 0° to + 40°C corresponded 

a concentration change ranging from 0.020—-0.044 % NaCl (3.5 mM—7.5 mM). 

he described connection between the osmotic resistance, the pH and the tempe- 

‘ure is valid for all degrees of hemolysis. Accordingly, the percentage hemolysis 

rve shows a practically parallel shift, when pH or temperature are altered (PARPART 

ul. 1947). 


\ critical evaluation of the methods used by previous investigators shows 
at only those of WAUGH, MERCHANT and MAUGHAN (1939) and of Craw- 
RD, CUTBUSH and MOLLISON (1953) are incontestable. Against the methods 
the other authors more or less serious objections can be raised. 
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If all the discussed aspects of the osmotic resistance test are taken into 
account, it is at present possible to get reliable and detailed information of 
the erythrocyte behaviour in hypotonic saline solutions. 


Methods 


1. The blood samples were collected in Erlenmeyer flasks (Pyrex) containing heparin 
as an anticoagulant (0.05 ml 1% heparin per 10 ml blood). It was not possible to take 
the blood samples at a time fixed in relation to the meals. 

In adults and children venous blood was obtained from the cubital or femoral veins. 
In infants, blood from femoral vein or ‘‘capillary’”’ blood from a heel puncture was 


used. The heel puncture with a sharp stilette gave a rapid dropping of blood after 


a thorough warming of the foot. At birth, blood was obtained from the placental part 
of the umbilical cord immediately after the delivery. In fetuses, blood was collected 
from the fetal part of the cord immediately after surgical abortion. 

2. The hemoglobin of whole blood (Hb) was measured as the oxyhemoglobin con- 
centration in light of wave length 550-600 with a photoelectric hemoglobinometer, 
Haemotest (Testalaboratorium, Vedb«ek, Danmark). The error was found to be + 3.6 % 
when calculated from 100 arbitrarily chosen duplicate determinations.! 

3. The number of red cells (RBC) was counted according to the usual routine clinical 
method. According to BERKSON (1944) the error is + 16%. BicGs and Mac MILLAN 
(1948) found a variation of the error of the red cell count between +2 and + 9.5 % 
depending on the training of the workers, who made the counts. With a scrupulous 
standardized technie an error of about + 1?/, % was obtained by ENGuorr (1937). 

4. The mean red cell diameter (MCD) was measured in 1000 x magnified photo- 
eraphs of dried blood films. According to LARSEN (1948) the error of MCD can be 
estimated to be about 1.5%. 

5. The packed red cell volume (PCV) was determined in the high speed hematocrit 
centrifuge of ENGHOFF (1937) (3 minutes at 9600 r.p.m. with a mean radius of 10 em). 
The error was found to be + 1.4% when calculated from 100 arbitrarily chosen 
duplicate determinations. 

6. The mean red cell volume (MCV) was ealeulated from the formula 

PCV x 10 


MCV 
red cell count, millions 


7. The mean red cell thickness (MCT) was calculated from the formula (regarding 
the cell as a short cylinder) 
MCV 
MCT = - 
MCD \* 


9 


8. The spherocyte inder is a measure of the degree of spherocytocysis and is ex 


MCT 
pressed as the ratio 


According to 6 = > (cf. ENGHOFF 1937). 
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9. The reticulocytes were stained with brilliant cresyl blue in a small test tube for 
30 minutes. A thin film of this mixture was prepared on a slide. The number of reti- 
culocytes per 1000 red cells was recorded. 

10. The fetal hemoglobin concentration was measured by an alkali denaturation 
technic. The method of SINGER, CHERNOFF and SINGER (1951) was used. The error 
of a single reading determined from twenty identical red cell suspensions was 

11. The pH of the buffer was determined with a glass electrode in a potentiometer 
(tvpe PHM3a, Radiometer, Copenhagen). 

12. In osmotic resistance tests it would be most correct to use diluted plasma as 
the hypotonic medium. Because it was difficult to obtain a sufficient amount of 
plasma, buffered NaCl solutions were used instead. 

Using a thermoelectric vapour tension method, Lirson (1944) found the total 
osmotic activity of plasma to be 155.5 meq. per kilo. A NaCl solution of the same 
concentration is isotonic with plasma. Following PONDER (1948 a) a slightly hyper- 
tonic NaCl solution, 171.1 mM, has been regarded as iso-osmotie with plasma in this 
paper. 

The osmotic activity of the hypotonic NaCl solutions used can be assumed to be 
directly proportional to their NaCl] concentrations. The coefficients of osmotic activity 
are practically the same for all solutions used; for the highest concentration (171.1 
mM) it was calculated to be 0.90, and for the lowest one to be 0.94. Data of activity 
coefficients (f) were obtained from Conway (1952) and the osmotic coefficients (gq) 
were calculated by the formula In f = 3(1—gq) (BsERRUM 1916, 1923; quoted from 
1945). 

The best expression of concentration is that which permits a direct comparison 
hetween different kinds of solutions, i.e. number of moles per volume. Such expres- 
sions are for instance molarity (M) or millimolarity (mM). In this paper, however, 
concentrations will be expressed as g per 100 ml (= %) on account of the common 
clinical use. Important figures of concentrations, however, will be transformed to 
mM. For NaCl the following equation expresses the transformation 


% NaCl X 10 X 1000 
58.45 


mM 


The osmotic resistance was determined by the method of PONDER (1948 b) with some 
modifications, of which the following are the most important. For practical reasons 
it was not possible to determine the hemolysis after 5 hours; instead, the time of 
exposure was changed to 20-22 hours. In consequence the temperature had to be 
changed from + 25°C to + 4°C and, as the same buffer was used, the pH changed from 
7. to 6.8. In order to save time whole blood was used instead of washed red cells. 

A series of hypotonic NaCl solutions was prepared by diluting a 5% (855.4 mM) 
NaCl solution with distilled water. The series usually started with a 0.68% NaCl 
~olution and descended successively by a difference of 0.04% to a lowest value of 0%. 

i© NaCl solutions were stored in stoppered Pyrex bottles at room temperature 

) (). They were renewed at least every fortnight. 

A buffered NaCl solution was made by mixing 25 ml of a sodium phosphate buffer 

d 75 ml of a NaCl solution with a concentration of 1.2 ¢/100 ml (205.3 mM). The 

dium phosphate buffer was made by mixing 18 ml of M/15 Na,HPO, (66.6 mM) 


= 


Transmission 
o 
ro) 

- 
66 


207 Fig. 3. Relation between hemolysis and trans 
10F 4 mission. Calibration curves from two differeni 
blood samples. 


O 10 20 30 40 50 60 70 80 90 100 
Hemolysis 


and 7 ml of M/15 NaH,PO, (66.6 mM). The total tonicity of this buffer equals ai 
1% NaCl (171.1 mM) solution. At + 4°C the pH of the buffer is 6.8. The buffer solu 
tions were stored in stoppered Pyrex bottles at +4°C and were renewed at least 
every fortnight. 

A red cell suspension was prepared of whole blood (for special purposes, red cells 
washed twice in 1% NaCl were used) and the buffered NaCl solution, so that the 
volume of red cells became 0.025 ml per ml solution. The amount of whole blood 
containing the desired amount of red cells was calculated from the packed red cell 
volume. 

A hemolytic system was made by mixing 1 ml of this red cell suspension and 4 ml 
of the different hypotonic NaCl solutions. The concentration of red cells thus became 
1/200. The final saline concentration of the hemolytic system is easy to calculate 
(e.g., 1 ml 1% red cell suspension + 4 ml 0.68% NaCl gives a final concentration of 
(1 x 1 +4 x 0.68):5= 0.744%). The hemolytic series started as a rule at 0.744 % (127.3 
mM) and descended by 0.032 % (5.47 mM) to a lowest value of 0.200% (34.2 mM). 

The percentage hemolysis curve. The hemolytic series was prepared at room tempe 
rature and thereafter immediately stored at + 4°C for 20-22 hours. The red cells were 
then centrifuged off (room temperature, 10 minutes, 3000 r.p.m.). Four ml of the 
supernatant fluid were mixed with 0.01 ml NH,OH and exposed to CO for half « 
minute. The CO-Hb concentration of the supernatant fluid was determined in a photo 
electric colorimeter (selenium barrier photocell) (TEORELL 1952) using parallel blue ligh‘ 
(Jena filter BG 18 with maximal transmittance at 508 my). A cuvette of 1.00 en 
length, at a distance of 2 cm from the photocell, was used. The colorimeter operated 
a short period galvanometer and a Beckman Photopen- Recorder was used as readin 
instrument. The CO-Hb concentration was expressed as percentage of transmission 
The percentage of hemolysis was obtained by means of a calibration curve, which wa: 
made from the transmission values of samples of known degree of hemolysis. A serie 
of tubes of 100, 90, 80... and 0 % hemolysis was prepared by freezing (—18° ¢ 
and thawing 2.0 ml, 1.8 ml, 1.6 ml ete. of the red cell suspension and then mixin 
these hemolysed samples with 8.0 ml, 8.2 ml, 8.4 ml ete. of 1% NaCl. In this wa 
calibration curves were made for different bloods. All these curves had the sam 
slope, but depending on small variations in hemoglobin concentration they wei 
situated at different levels (Fig. 3). In most experiments only the transmission « 
0° and 100% hemolysis was determined. The general slope of the calibration curve 
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heing known, it was possible to interpolate the whole curve from these two observed 
transmission values. 

The experimentally obtained transmission curves were not linear. Due to tie high 
concentration used not even the corresponding extinction curves were linear. They 
did not obey the Lambert-Beer’s law unless the fluid was diluted four times (Figs. 4 
and 5). The definite percentage hemolysis curve, however, has been shown to be the 
same, whether the calibration curve from the diluted or from the undiluted solution 
was used. In this situation the calibration curves based on the direct transmission 
readings were used throughout, because this procedure was the most time-saving one. 

The error of a single reading determined from twenty identical blood suspensions 
was for 46% hemolysis = 3.5%, for 78% 1.9%, and for 96% = 2.5% (+0). 


Statistical Treatment of Percentage Hemolysis Curves 


The statistical treatment of the percentage hemolysis curves can be per- 
‘ormed in different ways. In this investigation slightly different methods 
ave been used for different types of curves. The most complete analysis 
as been given to the adult and the cord blood curves. 

In adults the procedure was based on the fact that the osmotic resistance 
~red cells is normally distributed to the NaCl concentration. This means 
iat the percentage hemolysis curve has a symmetrical sigmoid shape (Fig. 6). 
he probit curve of such a sigmoid curve is a straight line (GADDUM 1933) 
ig. 10 b). The mean values of the percentage hemolysis in the different NaCl 
mcentrations were calculated from the observed values and transferred to 
1e corresponding probit values (FINNEY 1947). By the method of least squares 
ie straight line was estimated and the “standard error of estimate’? was 
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caleulated.! The mean probit line and the lines representing twice the “standard 
error of estimate”? was then transferred to percentage hemolysis curves (Fig. 6). 
In this way a surface, comprising 95.44% of the total normal material for 
adults, was obtained. This surface is of value when individual curves of 
different kinds have to be compared with the normal adult curve. 

For a complete statistical comparison of different percentage hemolysis 
curves some of their parameters have to be calculated. From the sigmoid 
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percentage hemolysis curve one can read the saline concentration that causes 
10, 20, 30, or every other percentage of hemolysis. In conformity with the 
generally accepted terms LD,, and ED,, these saline concentrations will be 
represented in this paper by Hy», Hoo, Hyp, ete. (H standing for hemolysis). 
From the mean percentage hemolysis curve the mean values of H,9, H59, and 
H,., were obtained, The mean value of H;9, found from the mean percentage 
hemolysis curve (0.504% NaCl), was compared and found to agree very well 
with the mean value of H,, calculated from the individual curves (0.517 % 
NaCl). The deviation of H;, obtained from the curves of the “standard error 
of estimate” was also found to agree very well with the standard deviation 
of H,, calculated from the individual means of H;, by common methods 
(+ 0.015% compared with + 0.025% NaCl). In this situation the graphically 
obtained values of the mean percentage hemolysis curve were chosen, since 
this curve was based on a mathematical treatment of all observations. 

As a measure of the span of hemolysis most authors use the lower and the 
upper extreme (range) of the curve. These values, however, are impossible 

1 The weight for different percentage hemolysis ranges is, of course, varying (see GADDUM 
1933, and Finney 1947), but in the present calculations these differences in weights wer 
neglected, because they could not be estimated in each case (cord blood cells). A compariso: 
between lines for adult red cells, calculated with and without the weights, justified the sim 


plified calculation used. 
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to estimate exactly and indeed they are connected to infinite high and low 
concentrations, i.e. the 0% and 100% lines are asymptotes to the curve. For 
this reason this way of representing a hemolysis curve is unsatisfactory and 
should be abandoned. Instead, any other statistical expression of dispersion, 
e.g. the standard deviation, the quartile deviation, the difference between 
the highest and the lowest deciles, can be applied. In the following, the dif- 
ference between the highest and the lowest deciles (Dg = Hg) and D, = H,») 
will be used. This difference will be called the extreme decile difference. 

From the median (M = H,9) and the two deciles the possible skewness of 
the percentage hemolysis curve can be calculated in analogy with the formula 
given by YULE and KENDALL (1945) and valid for the quartiles 


(D, M) — (M-D,) 
(D, —M) + (M—D,) 


With the terminology used here this formula can be written as 


The distribution is said to be positively skew, when the curve is more 
extended to the right than to the left and vice versa.! This is in accordance 
with the common graphical picture of such curves. 

In this way the most important characteristics of a single percentage hemolysis 
curve or of a collection of such curves have been obtained. The values needed are 
those of Hy, and Hop. 

The osmotic resistance of red cells from the cord blood are, as will be shown 
later, not normally distributed to the NaCl concentration. A procedure of 
statistical treatment that in some way differs from the treatment of the 
adult curves has therefore been adopted. The mean values of the percentage 
hemolysis in the different NaCl concentrations were calculated from the 
observations of all cases and transferred to the corresponding probit values. 
The line best fitting these probit values was drawn by hand. Each experi- 
inental observation was then transferred to probit values. The distance be- 
‘ween each experimental probit value and the constructed probit line was 
estimated and the sum of the square differences was used for calculating the 


5 


‘standard error of estimate’’. The two curves of twice the “standard error of 
‘stimate”’ were drawn. These three probit curves were transferred to percentage 
‘emolysis curves (Fig. 6). Thus the mean percentage hemolysis curve and 


he surface comprising 95.44% of the material were obtained. From these 


1 Note, however, that the z-axis is decreasing to the right. 
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curves the mean value of H,», H;,. and H,, and their deviations were obtained. 
The extreme decile difference and the skewness were calculated as before. 

In fetuses, infants and children a simpler procedure was used. Only the 
main characteristics necessary for the description of the results were calcu- 
lated. From the individual percentage hemolysis curves the mean values of 
H., and their standard deviations were obtained. The mean values of H,, 
and H,, were obtained from the mean percentage hemolysis curves. The 
extreme decile difference and the skewness were then calculated. 

Frequency distribution curves were obtained by differentiation of the 
smoothed percentage hemolysis curves. The differentiation was carried out 
graphically by means of a “tangent meter”. 

For comparison of two means the t test was applied. The significance of a 
difference of two means is given as the probability (P) of the means not to 
be separated. For example, if P is found to be < 0.01, this signifies that there 
is less than one chance in a hundred for the means to belong to the same 
distribution. In the following, the term “significant”? will sometimes be used. 


Those cases refer to a P = 0.01. 


Material 


The adult material consisted of healthy nurses, laboratory assistants, doctors, and 
medical students. 

The infants and children investigated were treated at the Children’s Clinic or at 
a home for children (Gillbergska barnhemmet) in Uppsala. Most of these infants and 
children were healthy, only a few suffered from epilepsy or other neurological dis- 
eases. None showed any signs of blood diseases or of infectious diseases. 

The cord blood samples and the blood samples from the newborn infants were 
obtained from the Gynecology Clinic, Uppsala. All these infants and their mothers 
were healthy. 

The fetus material was collected from surgical abortions carried out at the Gyne- 
cology Clinic, Uppsala. Specimens from abdominal Caesarean sections only could be 
used. None of the women operated suffered from any somatic disease. 


Results 
The results of the osmotic resistance investigations during different ages 
are shown in Table 1 and Figures 6-12. Some points of special interest wil! 


be reported below. 


Adults 
The osmotic resistance of 47 adults was determined by the present methoc 
in order to obtain a normal material for comparison. The mean percentage 


TABLE 1 


ed. 
Me The osmotic resistance of the red cells of fetuses, children and adults. 
the 
| 
cu- No. of 1s Hy Extreme 
| Age group | NaCl NaCl mM |% NaCl] decile |Skewness 
of | cases | “Mean Mean _ | difference 
H | Mean SD Mean 
10 
| Fetuses .. . 13 0.700 0.584 | + 0.043 | 100.0 0.424 0.276 + 0.16 
Cord blood . . 31 0.588 0.496 | + 0.032 84.9 0.366 0.222 FOF 
the 12-48 hours. 20 0.552 0.446 | + 0.033 76.3 0.322 0.230 +0.08 
out | 6-8 days .. 11 0.568 | 0.468] +0.051 80.1 0.354 0.214 + 0.07 
15-45 days . . 11 0.550 0.471 | + 0.026 80.6 0.382 0.168 + 0.06 
| 46-75 days . . 12 0.548 | 0.466 | + 0.023 79.7 0.376 0.172 + 0.05 
76-105 days. 15 0.548 0.469 | + 0.035 80.2 0.386 0.162 -- 0.04 
to | 4-6 months . 10 0.548 0.469 | + 0.034 80.2 0.386 0.162 — 0.04 
ere | 10-12 months . 11 0.526 0.438 | + 0.030 74.9 0.352 0.174 — 0.01 
me | 2-5 years .. 10 0.556 0.477 | + 0.034 81.6 0.396 0.160 + 0.01 
ed. | 7-11 years. 16 0.532 0.465 | + 0.020 79.6 0.398 0.134 0.00 
| Adults Pye ia: 47 0.572 0.504 | + 0.015 86.2 0.438 0.134 — 0.01 
t tests on the differences of Hz 
| Compared age groups Difference Probability 
| % NaCl of identity 
and 
ee Fetuses vs. cord blood 0.088 P< 0.001 
Cord! blood’ ws, 12-48 hours . . . .. % 0.050 P< 0.001 
Cord blood vs. 15 days-6 months ........ 0.027 P< 0.001 
10-12 months . . 0.058 P< 0.001 
Cord"blood’ vs: years. 6. 0.026 P< 0.001 
Cord Adults 0.008 0.10 < P< 0.50 
| 6-8 es: 0.022 0.10 < P< 0.50 
fai 15 days-6 months vs. 12-48 hours. ....... 0.023 P< 0.01 
12-48 hours vs. 10-12 months. ......... 0.008 0.10< P< 0.50 
6-8 days vs. 15 days-6 months ......... 0.002 
15 days-6 months vs. 10-12 months . . .... 0.031 P< 0.001 
15 days-6 months vs. 2-1l years ........ 0.001 
years ve, 10-12-months 0.032 P< 0.001 
wil! 
iemolysis curve had a sigmoid shape (Fig. 7) and the frequency distribution 
f the resistance was practically normal (Fig. 8). The same was the case in 
106 he majority of the individual curves; in a few only the distribution was 
age lightly skew in either direction. 
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Fig. 7a. Degree of hemolysis of the red cells Fig. 7b. Degree of hemolysis of the red 
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fants aged 12-48 hours, and adults at dif- aged 7-11 years, and adults at different NaCl 
ferent NaCl concentrations. The mean per- concentrations. The shadowed area comprises 


centage hemolysis curves are given. The 95.44 % of the adult material. 


shadowed area comprises 95.44 % of the 
adult material. 


A detailed comparison of the normal values obtained by the present author 
and other investigators is not possible, because the differences between the 
methods of different authors result in differences in osmotic resistance that 
cannot be expressed in exact figures of % NaCl. Only a rough comparison 
can be made. 

PONDER (1948 b), using washed red cells by a pH of 7.0 and a temperature 
of 25° C, obtained symmetrically distributed resistance curves and a mean 
value of 0.448% for H,5. Remembering that 0.01 pH ~0.010% NaCl and 
10° C~ 0.020% NaCl, we have to add 0.060 % to PONDER’s mean value. This 
gives 0.448 + 0.060 = 0.508%, compared with 0.504 in the present material. 
CRAWFORD, CUTBUSH and MOLLISON (1953), using whole blood by a pH of 
7.4 and a temperature of 23° C, got a mean value of 0.424% for H55. Caleu- 
lated in the same way this mean value is increased to 0.524% NaCl. 

PONDER (1948b) also gives figures of the extreme decile difference (which 
he called interdecile difference), which agree very well with those obtained 
for adults in this investigation (0.131 compared with 0.134% NaCl). 


Fetuses 


The osmotic resistance of red cells from 13 fetuses varying in length be- 
tween 13 and 28 em (duration of pregnancy 14-21 weeks) was investigated. 
The main part of the mean percentage hemolysis curve was shifted to the 
left of the adult normal material, i.e. the majority of these fetal red cells 
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Fig. 8. Osmotic resistance distribution of the 
red cells at different ages. The curves were 
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Fig. 10. Probit curves showing 
the degree of hemolysis of the 
red cells at different ages and 
at different NaCl concentra- 
tions. In Fig. 10a the mean 
percentage hemolysis curves 
are given for fetuses ( < ), new- 
born infants (cord blood) (A), 
infants aged 12-48 hours (A), 
and infants aged 15 days to 
6 months (CJ). In Fig. 10b 
the mean percentage hemolysis 
curves are given for infants aged 
10-12 months children aged 
7-11 years (@), and adults (O). 
The curves of Fig. 10 a are 
drawn in thin lines for com- 
parison. 
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Fig. 11. Variation of the osmotic resistance expressed as H,,) (Fig. lla) and H;, (Fig. 11b), 
with the length of the fetuses. 


was much less resistant than the adult red cells (Fig. 7a). The difference be- 
tween the means of H;, of the fetal and adult red cells was real (Table 1, 
Fig, 9). The resistance distribution curve of the fetal red cells was broad 
and flat (Fig. 8) and the probit line was curved (Fig. 10a). The span of hemo- 
lysis (extreme decile difference) was much greater than in the adult red cells. 

The mean percentage hemolysis curve was totally shifted to the left of 
the cord blood curve (Fig. 7a). Of the individual curves 11 had their most 
resistant part within the limits of the cord blood material. The curves of the 
two oldest fetuses, on the other hand, were totally situated within these 
limits. The resistance distributions of the last two fetuses were also practi- 
cally identical with the distribution in cord blood, while the others showed 
very skew or extremely flat distributions. In one case the distribution was 
himodal. 

Fig. 11 shows also that the individual values of H,) and H;,) tended to 
lecrease with the increasing length of the fetus. The coefficient of regression 
was found to be — 0.0104 + 0.0015 for H,, and — 0.0075 + 0.0019 for H5, 
note the direction of the ordinate). Thus there is in both cases a safe covaria- 
‘ion between the osmotic resistance and the length of the fetus, the osmotic 
esistance increasing with the increasing length of the fetus. The relation, 
owever, is probably not a straight line. The same tendency was found by 
parison with the menstrual age. 


ord blood 
The cord blood of 31 full-term infants was investigated. The mean per- 
‘ntage hemolysis curve of these late fetal red cells was situated in the 
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neighbourhood of the corresponding adult curve (Fig. 6). The mean values 
of H,;, of these curves were not convincingly separated (Table 1, Fig. 9). 
The curve was also sigmoid, but its general slope differed from the adult 
curve. The cord blood curve started a little to the left of the adult curve, 
but the greatest part ran to the right. This indicates a few cells with a lower 
resistance and a great amount of cells with a higher resistance than the adult 
red cells. The distribution curve was skew (Fig. 8). The span of hemolysis 
was greater than in the adult curve. The range of normal variation in osmotic 
resistance of late fetal red cells seems to be greater than in the aduit material 
(Fig. 6). 

Also washed red cells from cord blood and adults showed the same charac- 


teristic differences. 


The cord blood of two premature infants (born 5 and 7 weeks before term respec- 
tively) was also investigated. The main part of their percentage hemolysis curves 
was within the normal limits of the newborn, full-term infants. A small number of 
the red cells, however, was less resistant than the cells from cord blood of the full- 


term infants. 


In accordance with the situation in adults a change in pH results in a prac- 
tically parallel shift of the percentage hemolysis curves of cord blood red 


cells (Fig. 12). 


Infants aged 12-48 hours 


The mean percentage hemolysis curve of 20 full-term infants aged 12-48 
hours was shifted to the right of the corresponding cord blood curve indicat- 
ing an increased osmotic resistance (Fig. 7). The difference between the 
means of H;, was real (Table 1, Fig. 9). The general shape of the curve was 


di 


30 
a 
n 
pe 
in 
Ih 
> 
va 
16 
en 
We 
thie 
rig 
of 
the 
rl 
rl 
rl 


d 


31 


similar to the cord blood curve. The span of hemolysis was practically the 
same as in the cord blood. 


Two premature infants, born 6 and 7 weeks before term respectively, had their 
percentage hemolysis curves to the left of the full-term range. Neither the distribution 
curves nor the span of hemolysis differed from those of the full-term infants. 


Infants aged 6-8 days 


In 11 full-term infants aged 6 to 8 days the mean percentage hemolysis 
curve had shifted to the left and was situated between the cord blood curve 
and the 12-48 hours curve. The mean value of H; 5, however, was not sepa- 
rated from the corresponding mean value of the infants aged 12-48 hours, 
nor from the mean value of the infants aged 15 days to 6 months (Table 1, 
Fig. 9). The frequency distribution showed a slight positive skewness (Fig. 8). 
The span of hemolysis was practically the same as in the cord blood curve. 


Two premature infants born 9 and 4 weeks before term, respectively, had their 
percentage hemolysis curves within the ranges of the full-term material. Neither the 
distribution curves nor the span of hemolysis differed from those of the full-term 
infants. 


Infants aged 15 days to 6 months 


Forty-eight full-term infants aged from 15 days to 6 months were investi- 
gated. They were at first divided into four groups (15-45 days, 46-75 days, 
76-105 days, and 4-6 months, Table 1, Fig. 9). Since no remarkable differ- 
ences in osmotic resistance were revealed between these four groups they 
were subsequently treated as a single group. 

The whole mean percentage hemolysis curve of this group was situated to 
the right of the corresponding adult curve and the main part also to the 
right of the cord blood curve, indicating that a great part of the red cells 
of these infants was more resistant than both adult and cord blood red cells 
(Fig. 10a). The mean value of H;, in these infants was separated from the 
corresponding means in adults, in cord blood, in infants aged 12-48 hours 
ond 10-12 months (Table 1, Fig. 9). The resistance distribution curve was 
‘lightly skew (Fig. 8 and 10a). The span of hemolysis was definitely lower 
‘han during the first eight days of life. 


In four premature infants, aged 16 to 33 days and born at least 4 weeks before 
rm, the percentage hemolysis curves were situated within the ranges of the full- 
'm material, but the distribution curves were more like those of the earlier age 
riods and the span of hemolysis still showed the high values found at birth. 
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Infants aged 10-12 months 

The mean percentage hemolysis curve of 11 infants, aged from 10 to 1: 
months, was partly shifted to the right of all other curves indicating a great 
number of cells with high osmotic resistance (Figs. 7b and 10b). The nearest 
curve was that of the infants aged 12-48 hours; their means were not signif 
icantly separated. In contrast to the curved probit line of the earlier age 
periods the probit curve had become a straight line and the resistance 
distribution had thus become practically normal (Figs. 10b and 8). The span 
of hemolysis was less than during the first eight days of life and the sam¢ 
as during the age period of 15 days to 6 months. 

In looking for an explanation of this remarkable increase in osmotic resistance thc 
experimental conditions have been controlled scrupulously. The individual osmotic 
resistance tests have been compared with 2-5 tests of the same day from other ag: 
groups. There were no indications of any systematical experimental errors. 


Children aged 2-11 years 

The mean percentage hemolysis curve of 26 children, aged from 2 to 11 
years, was situated to the right of the adult and the cord blood curves, and 
to the left of the curves of infants aged 12-48 hours and 10-12 months (Fig. 
7b and 10b). The mean value of H,;, was significantly separated from all 
other mean values of H,5, except from that of the infants aged from 15 days 
to 6 months (Table 1, Fig. 9). The frequency distribution of the resistance 
was normal (Fig. 8). In the age group 2-5 years the span of hemolysis was 


greater than in the age group 7-11 years, in which it was about the same 
as in the adult material (Table 1). A great number of red cells of this age 
were thus more resistant than the adult and the cord blood cells. 
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CHAPTER III 


investigations on the Significance of the Osmotic Resistance 
Tests 


Earlier Investigations 


The interpretation of the results of osmotic resistance tests offers diffi- 
culties and requires knowledge of the different factors that are, or are sup- 
posed to be, connected with the osmotic resistance. Before discussing the 
results of the osmotic resistance tests these factors will be reviewed and some 
experiments concerning this problem will be reported. 

The osmotic resistance of a red cell is closely related to its initial shape 
and volume (HADEN 1934; DACIE and VAUGHAN 1938; PONDER 1948a). 
According to the description of the hemolysis in hypotonic saline solutions 
(p. 14) it is evident that a flat cell can take up more water than a spherical 
cell before reaching the critical volume. The hemolysis of a flat cell thus 
tukes place in a lower saline concentration, i.e. a flat cell is more resistant 
than a more spherical cell. In accordance with this fact the spherocyte index, 
which is an approximate but fairly good measure of the degree of sphero- 
cytosis, is said to be significantly correlated to the median red cell resistance 
(IIADEN 1934; DACIE and VAUGHAN 1938). The shape of a red cell may be 
determined not only by its inherent properties but also bv extrinsic influences 
that may alter the dissociation of the hemoglobin and the interior osmotic 
pressure. Methodological factors discussed above, such as carbon dioxide 
content, pH, temperature and oxygenation, exhibit their effects on the os- 
niotie resistance in this way. JACOBS and PARPART (1931) have shown that 
the effect of these factors must at least largely be attributed to their in- 
fhience on the base-binding power of the hemoglobin. By an increased carbon 
d-oxide content or an otherwise lowered pH the base-binding capacity of the 
l-moglobin is lowered, the interior ion concentration is increased, the osmotic 


‘ssure is increased, the cell takes up water and swells, and its osmotic 


istance is decreased. The same is the case when the temperature or the 


vgenation is lowered. 

rhe osmotic resistance, however, is also influenced by factors that do not 
ect the initial shape of the red ceil. In red cells that are imperfect osmo- 
ters the critical volume differs from that of a perfect osmometer. If the 
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critical volume is smaller the osmotic resistance is decreased; if it is greater, 
which is more unusual, the resistance is increased. The imperfect osmomete 's 
thus show changes in osmotic resistance independent of their initial shay ». 
Factors such as the type of anticoagulant and the type of hypotonic med:a 
influence the osmometer function; whether it happens by affecting the cl 
membrane or the state of the hemoglobin is not known. The special intrins ¢ 
cell properties in sickle cells and thalassemia cells also affect the osmometer 
function, and as a result of this the osmotic resistance is changed in a way 
that is not explained by a shape factor. In congenital hemolytic anemia the 
osmotic resistance may remain decreased though the cells after splenectomy 
return to a normal thickness (VAUGHAN 1937). 

Whether the osmotic resistance of a red cell is correlated to its age his 
been very much discussed. The resistance distribution to the saline concei- 
tration is a statistical distribution. If the age of the red cells were the on/y 
factor responsible for changes in osmotic resistance, the resistance distribu- 
tion should have the same shape as the age distribution, i.e. rising or de- 
¢lining continuously with decreasing NaCl concentration. GERBSTADT (1952) 
has recently discussed these problems in detail. Whether the age is one 
of many factors is still an unsolved problem. GERBSTADT and KOTULEK 
(1953) concluded that the osmotic resistance of red cells is independent of 
their age. 

In all discussions of this subject the reticulocytes have been given special 
attention, since their approximate age is known and they are easy to separate. 
There is, however, considerable divergence of opinion as to their osmotic 
resistance. Some authors have stated them to be more resistant than the 
mature cells (STEPHENS 1940), others have found them to be less resistant 
(GOLDBLOOM and GOTTLIEB 1929), and others have found them to be of the 
same resistance (WITHBY and HYNES 1935). The disagreement is at least 
partly explained by the inaccurate methods used. One of the most detailed 
investigations on this problem is that of GERBSTADT and KOTULEK (1958). 
They separated the reticulocytes of rabbits (using the lower specific gravity 
of reticulocytes) and tested their resistance in hypotonic NaCl solutions ly 
staining and counting the unhemolysed cells. It was shown that the osmotic 
resistance of the reticulocytes described a sigmoid percentage hemolysis cur ¢ 
situated at a lower saline concentration than the total population. The resis’ - 
ance distribution of the reticulocytes was practically normal and of the san e 
shape as the distribution of the total population, only displaced in the dire -- 
tion of increased resistance. Using radioactive iron, CRUZ et al. (1941) ard 
STEWART et al. (1950), however, were able to show that in dogs the new y 
formed red cells during their first 3-4 days in the circulation were less resista) t 


than those of the general population. 
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Fig. 13. Relation of the mean osmotic resistance (H;,) to spherocyte index (MCT /MCD). 


With regard to the very old cells Cruz et al. (1941) stated that there were 
indications of their being more resistant than the mean age group. STEWART 
et al. (1950) on the other hand could find no distinctive behaviour of the old 


red cells. 
Experiments Regarding the Shape Factor 


In order to elucidate the possible role of a shape factor in the present 
material, the spherocyte index was calculated in 54 cases including fetuses, 
newborn infants, infants, children, and adults. The result is seen from Fig. 13, 
where the values of H;) are plotted against the spherocyte index. The re- 
gression line cannot be calculated by the method of least squares, because 
there are errors in both variables. Therefore the method of BARTLETT (1949) 
was used. The coefficient of regression was found to be 0.50 + 0.091. Thus 
there is a safe covariation between the values of H;, and the spherocyte 
indices, the indices increasing with decreasing resistance. If three children 
with congenital hemolytic anemia, one child with acquired hemolytic anemia, 


mie with hypersplenism and one with celiac disease were added to the normal 
taterial, the coefficient of regression would be 0.66 = 0.087. If the fetuses 
d the sick children are excluded, the coefficient of regression would not 


significantly separated from zero. 


Experiments Regarding the Age Factor 


"he cord blood of two infants was examined with respect to the percentage 


reticulocytes of the unhemolysed red cells during an osmotic resistance test. 
‘result is seen from Table 2. With increasing degree of hemolysis the un- 
iolvsed reticulocytes, when expressed as the percentage of the initial 
iber at first increased above the initial level and then decreased. The 
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TABLE 2 


% = red cells locytes, % of the Red Reticulo- 

i % initial value cells cytes | 

| 

0.968 100 2.8 100 0 0 | 
0,584 88 3.3 104 12 0 

0.552 75 8.2 221 25 0 
0.488 46 7.8 129 54 0 
0.424 23 11.1 93 chef 7 
0.968 100 1.2 100 0 0 
0.744 100 1.0 83 0 MW 
0.648 100 2.6 217 0 0 
0.584 99 6.5 533 l i) 
0.520 86 5.4 383 14 0 
0.456 48 3.5 142 52 0 


increase may be explained by more red cells becoming stainable with increasing 


volume or increasing crenation of the cells. It is also possible that the swollen 
red cells show another distribution on the slide than the untreated cells. 
The reticulocytese did not significantly decrease below the initial level. 

The reticulocytes have a lower specific gravity than the mature cells. It is 
thus possible to obtain samples of red cells with a high percentage of reticulo- 
cytes by collecting the uppermost third of centrifuged blood samples. The 
osmotic resistance of such an upper third was determined in two newborn 
infants and one adult. The bottom third of the centrifuged sample was tested 
for comparison. Fig. 14 illustrates the results. In one of the newborn infants 
the specific lighter cells were markedly more resistant, in the other newborn 
infant the difference was slight but quite apparent. In the adult only a very 
slight difference was noticed between the upper and the lower portion, 
possibly due to a low percentage of reticulocytes. 

The bone marrow contains a relatively greater number of young cel’s 
(immature and mature) than does the peripheral blood. Differences between 
the bone marrow blood and the peripheral blood may thus be ascribed to tl e 
higher content of young cells in the bone marrow. To get an idea of tl ¢ 
osmotic resistance of the young red cells, osmotic hemolysis curves fron 
these two sources were compared. Venous blood and bone marrow blood w: s 
obtained from a microcephalic infant aged two years. The result is illustrat d 
in Fig. 15. Evidently the young cells were less resistant to hypotonic Na‘ | 


solutions than the general population of peripheral red cells. 
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Fig. 14. Osmotic resistance of washed red cells from the upper (©) and the lower ( » ) third 
of centrifuged blood samples of two newborn infants (cord blood) and one adult. 


90 
80 F 
70 F 4 
60 F 
50 
40 F 4 


Hemolysis 


Fig. 15. Osmotie resistance of the red cells from 
venous blood (OQ) and bone marrow blood ( » ) 
of an infant aged 2 years. 0 
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The fetal red cells that contain fetal hemoglobin disappear successively 
during the first months of life. During the same time only a few of the newly 
formed red cells contain fetal hemoglobin. Thus it seems likely that during 
(\e first months of life old red cells are overrepresented among the red cells 
iat contain fetal hemoglobin. 

In five infants, two newborn, one aged 1!/, month, one aged 4 months and 
‘51/4, the following experiment was performed. The fetal hemoglobin con- 
( tration of the general red cell population was determined. About one half of 

‘red cells was then hemolysed ina hypotonic NaCl solution. The unhemolysed 

ls were collected, and the fetal hemoglobin concentration of the unhemo- 

ed cells was determined. The results are given in Table 3. At birth there 

s no difference in fetal hemoglobin concentration between the red cells of 
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TABLE 3 


Fetal hemoglobin, % 
Age of infants 
General Most resistant 
population population 


the general population and the osmotically most resistant ones. With in- 
creasing age of the infant, however, there was a higher percentage of fetal 
hemoglobin in the most resistant red cells. The most likely explanation seems 
to be that there is a comparatively greater number of old fetal cells in the 
most resistant red cell population than in the general population. 


Discussion of Chapters II and III 


Evidently it is difficult to interpret the results of osmotic resistance tests 
even when they are supplemented with special investigations concerning tlie 
main factors that influence the osmotic resistance. 

It has not been considered necessary to control the osmometer function 
because the investigations of GUEST (1948) show that red cells from infants, 
children and adults are nearly perfect osmometers under the experimental 
conditions used. 

The role of a shape factor in the present material is difficult to establish. 
Fig. 13 at first gives the impression that a shape factor is at work. It must 
be remembered, however, that the red cells of the fetuses and the sick chili- 
ren mainly determine the regression lines obtained. In the healthy children 
and in the adults it was not possible to show that the osmotic resistance varicd 
with the degree of spherocytosis. According to the generally accepted view of 
the process of osmotic hemolysis, however, it is very probable that the shape of 
the normal red cells also influences their osmotic resistance. The determination 
of MCT is based on the packed red cell volume and the red cell count, t :¢ 
enumeration of the latter is subject to great errors. Also, the formula for ec: 1- 
culating the MCT is rather uncertain. A great error is thus to be expect -d 
in MCT MCD and it seems probable that only great differences in t ie 
degree of spherocytosis will be revealed with the methods used. In avy 
case it seems permissible to interpret the changes in osmotic resistance 1s 


depending, at least partly, on variations in red cell shape. 
The possible role of an age factor is also difficult to establish. The abo e 
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estigations on reticulocytes, as well as those of GERBSTADT and KOTULEK 

153), show that reticulocytes as a whole are more resistant than the general 

| cell population. The above investigations on bone marrow and the 

vestigations of Cruz et al. (1941), and STEWART et al. (1950), on the other 
lind, show that the very young cells are less resistant than the cells of the 
ceneral population. At first these statements seem contradictory. The dif- 
ferences are probably not to be sought in unsatisfactory methods. One 
planation may be that the reticulocytes have a longer maturation time in 
the circulating blood than the three to five days given by most authors. 
Another explanation, however, seems more likely. Some authors have con- 
cluded that all red cells pass out of the bone marrow as reticulocytes (SEIP 
1953), others have claimed that most red cells are fully matured when they leave 
the marrow (YOUNG and LAWRENCE 1945). WINTROBE (1951) states that the 
latter view is the more plausible. If this is the case, different types of cells 
may have been tested by the different methods—all newly formed cells 
with the radioactive iron method, and only the immature, stainable reti- 
culocytes with the other one. The results rather seem to support the view 
that red cells leave the bone marrow both as reticulocytes and as young 
mature cells. Because the decreased resistance of the young cells is the only 
one visible by the radioactive iron method, the mature cells are probably in 
the majority. 

With regard to the results of Cruz et al. (1941) and to the above investiga- 
tions on the concentration of fetal hemoglobin in different cells, it is probable 
that the oldest cells as a whole have an increased resistance in comparison 
with the general red cell population. 

Obviously there is no continuous and regular correlation between the red 
cell age and the osmotic resistance, even if it is shown that the age of the 
red cells influences the osmotic resistance. In any case it is not possible to 
draw any conclusions from the osmotic resistance as to the age of the different 
cells. We may conclude, however, that newly formed mature cells have a lowered 
osmotic resistance during the first 3-4 days, while most of the reticulocytes and 
th very old cells seem to be more resistant than the general red cell population. 

There are also more general conclusions to be drawn from the variations 
i osmotic resistance. PONDER (1948a) states that “it is probably safe to 
‘erpret changes in the. form of the resistance distribution as evidence of 
inges in the composition of the red cell population”. This statement 


plies that the osmotic resistance test, expressed as resistance distribution, 
\ sensitive method for discovering changes in the red cell population during 
erent conditions, for instance at different ages of life. PONDER (1948b) 
shown how bimodalities appear after hemorrhagic and hemolytic episodes. 
iddition, it ought to be stressed that the method, from a statistical point 
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of view, has the advantage of being based on millions of red cells, whi-h 
makes it much more reliable than, for instance, measurements of red © ']] 
diameters. 

The characteristic variation of the osmotic resistance at different ages mist 
thus be regarded as an indication of variations in the composition of tie 
red cell population or in the red cell environment. It is very difficult to put 
these variations of resistance in direct relationship with other parallel chang»s 
in red cell physiology. Some suggestions, however, seem possible. 

The fetus material of this investigation covers the fetal age from 3!/, ‘0 
5'), months, a time during which the hepatic period of erythropoiesis donii- 
nates and the mesoblastic erythropoiesis has just ceased (Fig. 1). The change 
in osmotic resistance that occurs during this time is a gradual increase in 
resistance, the red cells at the beginning of the fifth month being within tlie 
limits of the normal cord blood values (Fig. 11). In this situation it would 
seem that the majority of the less resistant cells arise from the mesoblastic centres 
of erythropoiesis. The shape of the resistance distribution is quite in accord- 
ance with the red cells belonging to two different populations with different 
resistance distributions (Fig. 8). The similarity between the resistance distribu- 
tion of the two oldest fetuses, of the premature and of the full-term infants at 
birth suggest that only comparatively small changes take place during thie 
last four months of gestation. Jt seems likely that cord blood on the whole can 
be considered representative of the osmotic resistance during the last months of 
gestation. The remarkable difference in osmotic resistance between the meso- 
blastic and the hepatic red cells indicates quite different physiological pro- 
perties of these two types of cells. 

Many factors have to be considered when the characteristic shape of tle 
osmotic resistance distribution of cord blood is discussed. 

Because the washed fetal and adult red cells show the same characteristic 
differences as the unwashed cells, the differences must be attributed to red ell 
factors only, not to any plasma constituents. 

Change in pH means a practically parallel shift of the percentage hemo- 
lvsis curve (Fig. 12). One small difference, however, is noticed. When tie 
pH is lowered the most resistant part of the curve becomes more extended 
and the skewness of the distribution thus becomes more apparent. In this wi y 
the pH used here has contributed to an increased sensitivity of the metho |. 

During the first week of life the young cells, both from the bone marrc w 
and the liver, are numerous in full-term infants. Thereafter the signs of hi: h 
erythropoietic activity disappear and the number of reticulocytes and othr 
voung cells decreases to about adult values. In premature infants the hi; h 
content of young cells persists for a longer time (MAGNUSSON 1935). Te 


voung cells have been shown to consist of two osmotically different grouy s. 
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ne more and one less resistant than the general red cell population. Because 


ie span of hemolysis, expressed as the extreme decile difference, strikingly 


‘iminishes during the second week of life, it seems rather probable that the 


cess of young cells is responsible, at least in part, for the increased span of 


/molysis most characteristic of the osmotic resistance of the red cells at 


hirth. The fact that the span of hemolysis decreased later in premature 
ufants than in full-term infants supports this opinion. 


In this connection the possible role of the fetal hemoglobin has to be con- 


sidered. Because the isoelectric point of the fetal hemoglobin is lower than 
that of the adult hemoglobin, the base-binding capacity of the fetal hemo- 
globin is greater than that of the adult hemoglobin at the same pH. If it is 
assumed that the adult and the fetal red cells have the same mean cell hemo- 
globin concentration, this difference in IP means that the osmotic pressure 


0 


f the fetal red cells is less than that of the adult red cells. The osmotic 


resistance of the fetal red cells thus ought to be increased. This increase, 
however, cannot be great and can hardly explain the observed differences in 


osmotic resistance between cord blood and adult red cells. 


At the same pH the degree of hydration of the fetal and the adult hemoglobin 


is not the same, depending on their different IP. Whether the difference in 
hydration influences the osmotic resistance is not known, but a small in- 


fluence cannot be excluded. 


The pronounced anoremia and acidosis regularly found at birth tend to 


increase the water content of the red cells in vivo. When tested under these 
environmental conditions the osmotic resistance ought to be lowered. By the 
osmotic resistance test in NaCl, however, these factors are compensated by 
the oxygenated and buffered NaCl solutions used. It thus seems unlikely 
that the differences between the osmotic resistance of the late fetal red cells 
and the adult cells are to be looked for in these factors. 


The strikingly great variation in osmotic resistance of cord blood cells from 


different infants (Fig. 6) is in good accordance with the varying proportions 


Ot 


liver erythropoiesis and bone marrow erythropoiesis found at birth in 


ifferent infants (KNOLL 1950). 


The increase in osmotic resistance after birth is significantly demonstrated 
ready in the age group 12-48 hours (Fig. 7a). The earlier hours seem to be 
transitional period. CRAWFORD, CUTBUSH and MOLLISON (1953) found no 
nificant difference between the mean cell resistance (H;9) at birth and 
infants aged 2-24 hours (P = 0.07). Judging from WAUGH, MERCHANT and 
\UGHAN (1939) the maximal increase is reached on the fourth day. The 
\t six to ten days, again, are a transitional period during which the osmotic 
sistance increases until a level is reached where it remains, with one 


ception, throughout childhood (Fig. 9). That the age 6-8 days is a transi- 
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tional period is also demonstrated by the great individual variation in osmot 


resistance (o (H;5) = + 0.051). 


The postnatal increase in osmotic resistance is difficult to interpret. 


appears very suddenly and may hardly be indicative of changes in the cor 
position of the red cell population. The resistance distribution is also practi- 
cally the same as that found at birth. /t seems more likely that the shift of tic 


curve is connected with the sudden changes in metabolism known to take pla 
after birth. Due to reasons mentioned above it is not probable that the chang: s 
in oxygenation or in pH in themselves have any influence on the osmot 


resistance. The shift from a relatively anaerobic to a more aerobic carbo- 
hydrate metabolism (RATHA 1940; WILSON, REARDON and MURAYAMA 194s) 
with a parallel completion of the enzyme systems, however, might well lie 
of significance in this connection. It may also be worth mentioning that in 
premature infants the postnatal increase in osmotic resistance seems to 
develop more slowly than in full-term infants. Also, the striking loss of 
body water at this time must be taken into account. The loss of water is 
thought to be a loss both of extra- and intra-cellular water. If the red cell 
content of water also decreased without a parallel loss of electrolytes, an 
increased osmotic resistance would be the consequence. This factor would 
also explain the decreasing resistance at the end of the first week. 

As to the nature of the physiological anemia developing during the first 
months of life no new information has been obtained by this investigation on 
the osmotic resistance during the neonatal period. 

At present it seems practically impossible to give a convincing explanation 
of the increased osmotic resistance of the red cells of the infants aged from 15 days 
to I] years. The microcytes of hypochromic anemia have an increased osmotic 
resistance and it is debatable whether the microcytes normally seen in in- 
fants from the third month onwards have the same properties. The increased 
osmotic resistance of the microcytes of hypochronic anemia seems to be due 
to their low mean cell hemoglobin concentration. The microcytes of tle 
normal child, however, have a normal mean cell hemoglobin concentration 
and thus it seems very unlikely that the microcytosis in itself explains the 
increased osmotic resistance during childhood. The microcytosis and the i'- 
creased osmotic resistance may only be parallel changes indicating that t!e 
red cells of infants differ in many respects from the adult red cells. 


The remarkable additional increase in osmotic resistance in infants aged 10-.? 
months is equally inexplicable (Fig. 9). It seems worth mentioning, howev: °. 
that the mean cell hemoglobin cencentration, the mean cell volume, ai ( 
the mean cell diameter reach their lowest values at this time. In any case, t! ¢ 
increased osmotic resistance is an indication of a definite change in the red © /I 


population at this age. 
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CHAPTER IV 


On the Kinetics of Water Permeation of the Adult and the 


Fetal Red Cells 


The rate of entrance of water into a red cell in hypotonic NaCl solutions 
depends not only on the difference in osmotic pressure between the red cell 
interior and the surrounding hypotonic media, but also on the area of the 
red cell surface and the properties of its membrane. As a measure of the 
flow of water into a red cell the permeability coefficient, P,,, is often used. 
It is defined as the quantity of water that will cross a unit area of the red cell 
membrane in unit time with unit difference in osmotic pressure between the two 
sides of the membrane. At present the square centimeter is most commonly 
used as the unit of area, the cubic centimeter as the unit of volume, and the 
hour as the unit ef time. The driving force is expressed in terms of effective 
concentration difference measured in moles per cubic centimeter (JACOBS 
1952). The units used earlier were v3, u?, minutes, and atmospheres. The 
permeability coefficient was then called k. The relation between P,,. and k is 
P= k x 134.4. 

The water permeability of red cells was treated mathematically by JACOBS 
(1932 a) who assumed the red cell to be a perfect osmometer without selective 
permeabilities for ions as K and Na, a situation that is true only at low de- 
zrees Of hemolysis before any loss of K has cecurred (see discussion p. 55). 
J\COBS then used the relations 


(1) 
adv 

=P,A(C-C’) 2 
di ( ) (2) 


ere C, is the osmotically effective concentration and V, the osmotically 
tive volume of the red cell at zero time, C is the concentration inside 
cell at time ¢t, V is the osmotically effective volume of the cell at time 
’, iS the permeability coefficient, A is the area through which the entrance 
water occurs, C’ is the concentration of the outside solution. 
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sy solving the equation system (1) and (2) the following equation is 


obtained: 
1-—C'/C 


For the determination of the permeability coefficient, JACOBS used distill-d 
water (C’ = 0) and measured the time (t) for 75% hemolysis. At this time 
the value of C,/C was assumed to be 1.7. For adult red cells the value of /’, 
was then found to be about 400 (JACOBS 1952). 

In the units mentioned above the dimensions of P,, will be e¢m* hour! 
moles~!. The conventional dimensions of a permeability coefficient, P, how- 
ever, is cm sec.-!. The reason of this discrepancy is that in equation (2) tlie 
driving force is expressed as the difference in NaCl concentration between 
inside and outside, i.e. osmotic pressure difference, and not as the difference 
in water concentration, which would be correct, because water is the per- 
meating substance in these experiments. It would be an advantage if the 
permeability coefficient for water (k or P,,,) could be converted into units of 
em sec.-!, Converting the osmotic pressure into water concentration ZWOLI\N- 
SKI, EYRING and REESE (1949) showed that the coefficient k had to be multi- 

plied by the factor —_-, where RF is the gas constant, 7 the absolute tempe- 


m 
Al 


rature and V,, the molal volume of water. ——— then is the usual permeability 
m 


coefficient, and has the dimension cm sec.-!. The two factors can be con- 


verted according to 

P (cm/sec.) =k x 7.57 x 10-8 x T (°R). (1) 
If k is exchanged for P,, and the temperature used in the present investigation 
(20° C) is inserted, the expression will be 


P, 
154.4 


7.57 ~ 10 x 293=P,, x 16.5 x 10 © em (5) 


Earlier Investigations 


Although valuable information about the red cells can be obtained ly 
permeability studies, the fetal red cells have attracted very little interest 
with respect to the rate of entrance of water from a surrounding hypoton ¢ 
NaCl solution. 

Moser and Cnyrim (1950) studied the osmotic swelling of the red cells of 


infants of different ages after ‘“‘taccumulating” the cells with glucose. Te 
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perimental conditions seem to have been satisfactory. They treated the 

sults by making “Volumzuwachskurven” (curves of the volume increase) 
a! different times of the experiments. The ‘“Volumzeitkurven” (curves of the 
rie of volume increase) that give the most detailed information about the 
ruie of swelling were incompletely analysed. They stated that red cells of 
newborn infants seemed to swell more rapidly than cells of infants aged one 
month and of children aged 2 years, but a little slower than adult red cells. 
They did not calculate any figures of permeability. Their interpretation of 
the results is difficult to follow and is also obscured by the glucose accumula- 
tion. The relatively rapid swelling of the red cells of newborn infants was 
ascribed to the acidosis occurring at this age. The slow swelling of the red 
cells of older infants and young children was ascribed to a high number 
of flat cells during these ages. The authors do not believe that differences 
of the membranes of different types of cells are responsible for the differences 
in swelling. The only conclusion which can safely be drawn from their results 
is that there are distinct differences in the osmotic properties of the red cells 
of infants and adults. 

WIpDAS (1951) reported investigations on the osmotic properties of sheep 
erythrocytes and could show that the rate of entrance of water was much 
slower in fetal than in maternal sheep red cells. He also showed that there 
Was a progressive increase in water permeability with increasing fetal age. 
The permeability differences were attributed to differences in the membrane 
properties of fetal and adult red cells and it was suggested that differences 
in surface pressure might be the explanation. Widdas did not calculate the 
wrmeability coefficients. 


Methods 


lhe rate of entrance of water into a red cell in hypotonic NaCl solutions can be deter- 
mnined by an electrophotometrie method similar to the method described by WIL- 
BE ANDT (1938). If a red filter is used, the light is scattered when it passes through the 
reo cell suspension; only little is absorbed. This scattering depends on the number, 
the size and the shape of the particles in the solution. When the red cells change shape, 
i. swell or crenate in the hypotonic NaCl] solutions the refraction of the light is 
ch uged, so that the light scattering is decreased and the transmission is increased 
© the discussion of WILBRANDT 1938; PONDER 1948a, p. 76; LOoESCHCKE and 

1951; and TEORELL 1952). 
ie relation between the transmission and the volume of the red cells was a straight 


li until the red cells started to hemolyse (Fig. 16). In cord blood the slope of the 
li was more acute to the volume axis than in adult blood. This probably depended 
0 he different initial shape of the cord blood cells and the adult cells. 


‘hen hemolysis starts the number of red cells begins to diminish and an additional 
‘ase in transmission, proportional to the degree of hemolysis, takes place. The 
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4 Cord blood 
o Adults 


Fig. 16. The transmission plotted 
against the relative volume of the 
red cells in different prehemolytic 

40 l l NaCl solutions. 

10 11 12 1.3 14 15 16 i7 


Volume 


rate of swelling and the rate of hemolysis are thus measures of the rate of the water 
entrance. 

The photoelectric colorimeter described above (p. 20) was used. The red filter did 
not transmit light of wave lengths below 580 my. The current of the photocell operated 
a Moll Micro Galvanometer (No. A23, Kipp & Zonen, Delft), the deflection of 
which was traced on a photo recording paper (width 120 mm) in a drum camera. 
A cuvette of 1.00 em length was used. In order to increase the sensitivity for volume 
changes both the test and the standard cuvette were placed at a distance of 2 cm 
from the photocell. 

The series of hypotonic NaCl solutions was the same as in the osmotic resistance 
tests and the solutions were prepared and handled in the same way. The final con- 
centrations varied from 0.968% to 0.200°. Buffered red cell suspensions were pre- 
pared as in the osmotic resistance tests (p. 19). 

At the start of a test 3 ml of the hypotonic NaCl solution was poured into the test 
cuvette. Thereafter 0.75 ml of the red cell suspension was rapidly injected into tlie 
hypotonic NaCl solution. The pH was 7.0 and the final concentration of red cells 
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200. Continiious cautious stirring with a glass propeller was maintained throughout 
1e experiments. The temperature varied between 19° and 21°C. A flashing light 
corded the time each second. The experiments were run until a practically stable 


cree of transmission was reached. 
A typical record is shown in Fig. 17. The overswing of the galvanometer is rapid 
id not disturbing. The transmission reading can be transformed to per cent hemo- 


sis by a ealibration curve made of samples of known degree of hemolysis. 


The blood samples were obtained as above (p. 18). 
Concerning material see p. 24. 


Analysis of the Experiments 


The results were analysed mainly following WIDDAS (1951). If the symbol 
{, represents the time the cell needs to reach its critical volume and C, is the 


€ 


inside concentration at this time, the equation (3) can be written 


In this equation the function of the right hand side depends on the outside 
concentration (C’) and on Uie inside concentration (C,) at time t,, because 
(is constant throughout. The equation (6) can thus be rewritten 


th= f (C's Ch). (7) 


If 7 (C’; C,) could be calculated it would give a straight line passing through 
the origin and having a slope of P,,A/V, if plotted against t,. The value of 
P A/V, thus is a measure of the permeability and has the dimensions cm?# 
hour-? moles~!. If we know the area (A) and the initial volume (V,) the 
permeability coefficient can be calculated. 

The time a red cell needs to reach its critical volume in different outside 
concentrations is calculated in the following way: 

‘n the most hypotonic NaCl solutions all red cells are hemolysed. In the 
other solutions a certain number of red cells remains unhemolysed (Fig. 18). 
In all solutions the transmission increases until a reasonably steady state 
lev -l, 7, is reached, which is dependent on the outside concentration. At 


th. level, 7, some red cells have reached their critical volume (V,). The 
in- de hemolytic concentration (C,) of these particular cells is then the same 
as the outside concentration (C’). In a less hypotonic solution these cells 
« ild not hemolyse. In a more hypotonic solution they would reach their 
© ical volume earlier or at the time at which the transmission has the same 


\ ie as the steady level, 7,. Thus the steady state level, 7',, obtained in a 
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Fig. 18. The rate of swelling and hemolysis of cord blood red cells in different hypotonic 

NaCl solutions (C’). The thin horizontal lines indicate the transmission values for the he:o- 

lytic concentrations (C,) 0.424, 0.488 and 0.552 % NaCl. The transmission values correspoiid- 
ing to 0, 50 and 75 % hemolysis are indicated by arrows. 


hypotonic solution over a few hours can be used to obtain the time a certain 
type of cells needs to reach their critical volume in a more hypotonic solution 
(Fig. 18). Values of the function f(C’; C,) for the outside concentration ((") 
used (0.200; 0.232; 0.296; 0.360; and 0.424% NaCl) and for cells having the 
hemolytic concentrations (C,) 0.424; 0.488; 0.552; and 0.616% NaCl were 
calculated from the equation (6) and are given in Table 4. 

The rate of entrance of water into the red cells can also be illustrated by 
the volume increase in prehemolytic NaCl concentrations. Every degree of 
hypotonicity corresponds to a definite increase in red cell volume. The relative 
volume in different outside concentrations can be calculated from equation 
(1). When V 1, V =C,/C, i.e. V expresses a relative volume. The plot of 


7) 0 


TABLE 4 


Values of {(C’; Cy) x 10 * for different outside and hemolytic concentrations of Nat'l. 


Hemolytic concentration (Ch) moles «em. 10! | 
Outside concentration (C’) -| 
moles x em, 3 x 10% 72.5 $3.5 94.4 105.4 | 
(0.424 %) (0.488 %) (0.552 %) (0.616%, | 

34.2 (0.200 %) 20.8 13.7 9.5 6.5 
39.7 (0.232 %) 23:1 14.9 10.1 6.9 | 

50.6 (0.296 %) 24.6 18.1 11.7 7.8 

61.6 (0.360 43.0 14.3 10.4 

72.5 (0.424 %) 33.6 18.4 11.3 


( 
Relative critical volume (1 h a } 2.36 2.05 1.81 1.62 
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Volume 
16 4 
15 4 
14 
13 44 
12 
Fig. 19. The rate of relative volume 
increase of red cells from three adults uw Hv -——-— Cord blood 
and three newborn infants (cord 
blood) in a prehemolytic NaCl solu- Uy 
tion (0.616 %). 10 it 
0 1 2 3 4 5 6 7 
Seconds 


the transmission values at steady state against the corresponding relative 
volume values gives a straight line (Fig. 16). Such curves can be used as 
calibration curves for transforming light transmission values to values of 
relative volumes. Curves of the rate of volume increase can thus be obtained 
(Fig. 19). 

Also from these curves the permeability coefficient can be calculated. The 
equation (2) can be written 

dv 


Py= 
dt A(C-—C’) 


(2 a) 
and thus it would be possible to calculate P,,, provided that dV /dt, A, C and 
C’ were known. At zero time C and C’ as well as A (mean red cell surface 
arei) are known and dV /dt, which is the initial slope of the curve of volume 
increase, Can be measured graphically. 


Results 

1d ilts 

iwashed red cells of 3 adults were investigated. Fig. 20 shows the rate 
of «molysis at an outside concentration of 0.232% NaCl and in Fig. 19 the 
pt emolytic rate of volume increase is given for an outside concentration 
of +.616% NaCl. 

e mean value of P,, A/V, was found to be 35.8 < 108 for cells with hemo- 
ly concentrations (C,) of 0.552 and 0.488% NaCl (Adults (1) Fig. 21, Table 
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5), and 13.8 * 106 for cells with a hemolytic concentration of 0.424% Na 
(Adults (2)). The value of P,, A/V, for washed red cells with a hemolytie con- 
centration of 0.488% NaCl was found to be the same as for unwashed cells. 

The mean volume of adult red cells is 87 y3, the effective osmotic volume 
of such a cell is about 0.70 » 87 = 61 v3 and the surface area is 163 w?. Using 
these figures the permeability coefficient, P,, was found to be 1339 for adult 
red cells with hemolytic concentrations of 0.552 and 0.488% NaCl. For adult 
cells with a hemolytic concentration of 0.424% NaCl P,, was 510. Calculated 
from the rate of swelling in prehemolytic NaCl solutions a P,, of about 100) 
was found (Adult (3)).. The corresponding values of P were 22.1 = 10~°%, 
8.4 « 10-3, and 16.5 < 10-3 em sec.—! (Table 5). 


Fetuses 
In one fetus (16 cm long, 16 weeks duration of pregnancy) the mean value 


of P,. A/V, was found to be 14.5 108 for red cells with hemolytic concen- 
trations of 0.616 and 0.424% NaCl (Fig. 21, Table 5). Since the dimension 
of the red cells are not very well known, the permeability coefficient has not 


been considered possible to calculate. 


Cord blood 

Red cells from the cord blood of 5 infants were investigated. Fig. 20 shows 
the rate of hemolysis at an outside concentration of 0.232 NaCl and — he 
prehemolytie rate of volume increase is given in Fig. 19. They show that he 


fetal red cells swell and hemolyse slower than the adult red cells. 

The mean value of P,,.A/V, was found to be 17.9 < 106 for cells with 
hemolytic concentrations of 0.552 and 0.488 % NaCl (Cord blood (1), Fig. 21. 
Table 5). In two of the infants the mean value of P,.A/V, was found to be 
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Fig. 21. {(C’; C,) of different red cells plotted against time of hemolysis. The slope (Pw / Vo) 
for Adults (1) = 35.8 x 108, for Adults (2) 13.8 x 10°, for Cord blood (1) 17.9 x 108, 
for Cord blood (2) = 7.2 x 108, and for Fetuses 14.5 x 108. 


7.2.< 108 for hemolytic concentrations of 0.488 and 0.424% NaCl (Cord 
blood (2)). 
The respective permeability coefficients (P,,) were found to be 708 and 


283 assuming that the mean red cell volume was 106 y’, the osmotically 


TABLE 5 
The permeability of red cells to water. 


The experimental values are calculated from the rate of hemolysis of red cells with the 
higher hemolytic concentrations (1), from the rate of hemolysis of red cells with the lower 
hemolytie concentrations (2), and from the rate of volume increase of red cells in prehemolytic 


NaCl solutions (3). 
PwA!V, Pw 

cm® hour”! moles 'Jem* hour ! moles em see. 
| Adults (1) 35.8 « 106 1339 22.1» 10 
| Adults (2) 13.8 108 510 8.4.10 

( ord blood (1) 17.9 108 708 x 

l-term infant aged 29 hours (1) 19.2 x 108 

(2) 

mature infant aged 28 hours (1) 20.6 x 10 

(2) 10° 
ilts (according te JACOBS) 400 6.6 % 10 


(2) 
a 
Fetuses 
° 
X c 4 
the 20 
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effective volume 0.70 % 106 = 74 u3, and the surface area 187 w?. Calcula ed 


from the rate of swelling in prehemolytic NaCl solutions a P,, of about .00 
was found (cord blood (3)). The corresponding values of P were 11.7 * 1( 3, 
4.7 10-3, 6.6 10-3 em see.—! (Table 5). 


Newborn infants 


In one full-term infant aged 29 hours the mean value of P,, A/V, was found 
to be 19.2 x 108 for cells with hemolytic concentrations of 0.552 and 0.483 °, 
NaCl and 11.0 < 108 for cells with a hemolytic concentration of 0.424% NaC! 
(Table 5). 

In one infant born 6 weeks prematurely and aged 28 hours the mean value 
of P,, A/V, was found to be 20.6 108 for cells with a hemolytic concentra- 
tions of 0.488% NaCl and 11.0 < 106 for cells with a hemolytic concentration 
of 0.424% NaCl (Table 5). 


Discussion 


Water permeation with regard to the structure of the red cell membrane 

For adult red cells the permeability coefficient (P) for water was 22 x 10-3 
em sec.-!. It would be of interest to see if the permeation of water through 
the red cell membrane can be ascribed to a process of free diffusion. If this 
were the case the permeability coefficient would be equal to the free diffusion 
coefficient (D) divided by the thickness (6) of the red cell membrane. 

The above permeability coefficient was calculated assuming that the 
whole cell surface was available for the permeation of water. It is, however, 
considered impossible that the permeation occurs all over the area of the 
cell surface. Lipid insoluble substances are generally assumed to pass the 
membrane through water-filled pores. PARPART and BALLENTINE (1952) as 
well as HILLier and HOFFMAN (1953) calculated the number and size of the 
pores. They gave a pore number of about 104-10° per red cell and a pore 
diameter of about 35 A. According to the present knowledge of the structure 
of the membrane the pores do not contain only water but also lipo-prot«in 
molecules. The area available for permeation of the water molecules mist 
thus be less than corresponding to a pore diameter of 35 A. Because sucrise. 
which has a molecular diameter of about 9 A, does not pass the red ell 
membrane, a diameter of 10 A for water permeation channels is assumed to 
be a reasonable approximation. The pore area is thus about 80 A. If he 
total number of pores per cell is assumed to be 3 * 10° (the highest v: ‘ue 
given by PARPART and BALLENTINE 1952), the total cross-sectional area av «il- 
able for water permeation will be 24 « 106 A2, which is 0.15% of the t: tal 


area of the red cell (16 « 109 A?), Accordingly, the permeability coeffic -nt 
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wi be 666 times greater than the value given above, i.e. 13 em see.—!. Since 
tl self-diffusion coefficient for water at 20° C is about 2 x 10-5 em? see.-! 
(\\ NG, ROBINSON and EDELMAN 1953), and the thickness of the red cell 
mc brane is assumed to be about 75 A = 0.75 x 10-6 em, D/6 will be 27 em 
sec. |. As to the thickness of the membrane some further comments will be 
made. The value of 75 A is in itself uncertain. Owing to the presence of 
“unstirred layers’? on each side of the membrane, it is possible that the 
“effective”? membrane thickness is greater (TEORELL 1937). Especially on the 
inside, Where no “stirring” exists, this “unstirred layer’? must be compara- 
tively great. The value of 75 A, however, may be used as an approximation 
consistent with the present opinion of the membrane structure. Below this 
value, approximately, Fick’s law is not applicable, because the concept of 
concentration gradients loses its usual meaning when the membrane thickness 
becomes of the order of distances between the solute molecules (PLANCK, cit. 
fron. TEORELL 1937). 

These approximate calculations thus give a permeability for water that is 
restricted by a factor of about two in comparison with free water diffusion (13 
compared with 27 em sec.-!). Such a small restriction seems quite plausible 
because the pore size is relatively large (10 A diameter) compared with the 
size of the water molecule, which has a diameter of about 2-3 A. 

For larger molecules the relative restriction will be successively increased 
until the molecules reach the pore size and no permeation at all is possible, 
as is the case with sucrose. The relation between the relative restriction and 


5 


the ratio “Spore size/molecular size” is probably not a straight line. The re- 


lative restriction must be assumed to increase much more rapidly than the 


ratio “Spore size/molecular size’? decreases (ef. the discussion of PAPPEN- 
HEIMER 1953). 

lor the lipid insoluble substances urea and mannitol the diffusion coeffi- 
cients in aqueous media and the permeability to red cells are known. If the 
figures given by JACOBS (1952) are used, the corresponding calculations can 
be 
mo'ecular diameter of about 3-4 A, is restricted about 120 times in comparison 
wit}: its free diffusion in water. Mannitol, which has an even larger molecular 


nade also for these substances. The permeability of urea, which has ¢ 


diaeter, is restricted about 6000 times. 

lie pore size, however, is certainly varying, and it is quite possible that 
Wa'er, urea and mannitol all pass practically unrestricted through some large 
pos, while water is the only substance that passes also through the smallest 
on. With increasing size of the molecules an entirely regular increase in 
rel ive restriction is thus not to be expected. 

ough a calculation of this type must always be very approximate, it is 
ne rtheless very interesting to see that the present opinion of the red cell 
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membrane structure seems to be in good accordance with the information obtai.:ed 
by permeability studies on human red cells. 


Variation of the permeability coefficient of red cells of the same blood 


JACOBS found the permeability coefficient of adult red cells for water (.’,) 
to be about 400. If this figure is converted to em sec.~!1, a permeability 
coefficient (P) of 6.6 ~ 10-3 is obtained. This value is about three times lower 
than the value obtained in the present investigation. 

In this investigation the permeability coefficient varied with the degree of 
hemolysis, a high degree of hemolysis corresponding to a low permeability 
coefficient and vice versa. At 75% hemolysis JACOBS got a permeability 
coefficient of 6.6 ~ 10-%, while the present investigation gave a P of 8.4 * 10-3 
at about 65° hemolysis and a P of 22.1 x 10-3 at degrees of hemolysis 
lower than about 50% (Fig. 18). 

It should also be stressed that the higher P values are associated not only 
with the lower degrees of hemolysis but naturally also with the higher critical 
concentrations (C,) and the corresponding lower critical volumes (V,). 

Looking for an explanation of the varying P,, or P values the variables 
influencing the value of P may be obtained from equation (6). V, and C, are 
constant in the same blood. C’ is not changed during the experiments, be- 
cause the total volume of the red cells is small in comparison with the volume 
of the NaCl solution. The time, t,, is established experimentally. 

The two remaining factors, A and C,, demand a more detailed discussion. 

The surface area, A, is not constant throughout an experiment. During the 
disk-sphere transformation the area is supposed to behave in the following 
way. Until the red cell becomes a sphere the surface area increases only 
slightly. Then it suddenly decreases and thereafter a continuous increase 
takes place until hemolysis occurs and the area has become about the same 
as that of the initial red cell (PONDER 1948a, p. 82). During the later staves 
of this process derangements of the membrane structure probably also occur 
(LATTA 1952). Such derangements may alter the permeability properties of 
the cell membrane. 

The equation (6) is based on the assumption that the value of C, corre- 
sponds to the critical volume, V,. According to the equation (1) V,, is eq ial 
to C,/C, if V, =1. At lower C, values, however, this relation is not trie, 
because V, becomes greater than the observed maximal critical volume of 
a red cell (about 1.7; Table 4). At the higher V, values the relation C, 
thus does not indicate the critical volume of the red cells, but is only a © il- 
culation product. 

The equation (6) was also based on the assumption that the red cell i: 


perfect osmometer without selective permeabilities for ions like K and °:: 
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Bec use a red cell becomes cation permeable before it hemolyses (PONDER 
19! a), equation (6) is valid only during the first stages of the process of 
swe ‘ing. Thereafter the K of the cell is exchanged for Na. These two ions, 
however, do not have the same rate of transfer. The K ions have a higher 
mobility in water than the Na ions. TEORELL (1952) calculated the diffusion 
coefficient ratio Na:K to be about 0.8. The rate of transfer however, is also 
influenced by the concentration gradients of the ions. In whole blood the 
concentration difference between cell K and plasma K is 81—5 = 76 meq./lit. 
(PONDER 1948 a, p. 121). Between cell Na and plasma Na the difference is 
I8- 135=—117 megq./lit. The net rate of transfer is proportional to the dif- 
fusion coefficient and to the concentration gradient of the ion. If the red 
cells of whole blood become cation permeable “‘the ratio the initial rate of 
transfer of Na/the initial rate of transfer of K” is 0.8 - ae 


-1. The Na ions 


thus change more rapidly and the result is an increased total base content 
of the cells, and concequently also a water uptake and a swelling of the cells 
(cf. MAIZELS 1949). Not until the ratio “*Na concentration gradient / K con- 
centration gradient” is 1.25, is the net rate of transfer of both ions equal (i.e. 
0.8 1.25=1.0). The present discussion, however, concerns hypotonic NaC] 
solutions where the initial concentration gradients are not the same as in 
whole blood. The K concentration gradient is about 81 meq. /lit., because 
there are no K ions in the Na€1 solutions, and the Na concentration gradient 
is varying depending on the concentration of the outside NaCl solution. In 
all NaCl concentrations, however, in which hemolysis occurs, i.e. below about 
%) meq./lit., there is a greater initial concentration gradient for K (81 
meq. lit.) than for Na (18 —95 77 ineq./lit.). Then 0.8 « Na concentration 
gradient/K concentration gradient is always<1.0 and the K_ loss is thus 
more rapid than the Na uptake. Because isotonicity inside and outside the 
red cell is always maintained, the amount of water leaving the red cell with 
the K ions is larger than the amount of water entering the cell with the Na 
ions. The prolytic K loss thus causes a decreased total water uptake and 
gives a lowered permeability to water. This apparent decrease in permeability 
can be expected to be most marked in the higher degrees of hemolysis where 
a comparatively great number of the red cells are prolytic spherocytes. 

| the lower hemolytic range, i.e. at the lower V,, values P is remarkably con- 
star” and there is a good fit to the equation (6) (Fig. 21, Adults (1)). The poor 
fit » the equation (6) in the higher hemolytic range (Fig. 21, Adults (2)) 
ma well depend on the changes in surface area and in the membrane strue- 
tu and on the prolytic K loss during the experiment. The fact that the 
reli ion C,/C, does not indicate the real V, at low C, values certainly also 
pla: a role. The higher P value thus seems to be the more reliable one. 
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The P values obtained from the rate of swelling of the red cells in the 
prekemolytic NaCl solutions (Adults (3), Table 5) are intermediate to the 
above discussed values. Because the swelling of the red cells can be determ ned 
directly in these experiments, the P values obtained from them are \ ery 
satisfactory from a theoretical point of view. The determinations, howe ver, 
are subject to relatively great errors, because the volume increase is measi red 
from rather small changes in transmission. In any case it is interesting to 
note the good agreement between the different methods, by which the 
permeability coefficients have been calculated. 

The permeability coefficient of cord blood red cells showed quite a siniilai 
decrease with increasing hemolysis (Fig. 21, Cord blood (1) and Cord blood 
(2)). In one case the lower P value was observed already at a hemolyti 
concentration of 0.488% NaCl. 

The cells of the only fetus investigated, on the contrary, showed a constant 
P at hemolytic concentrations between 0.616 and 0.424% NaCl. This is in 
good agreement with the findings of WIpDAS (1951) in sheep fetal and ma- 


ternal red cells. 


Difference in permeability coefficients of adult and fetal red cells 

Before ascribing the difference in water permeability of adult and fetal 
red cells to membrane differences some further factors have to be regarded. 

Equation (6) shows that the permeability coefficients is influenced by 
changes in the ratio ‘‘surface area/osmotically effective volume” (4/V,,). In 
adult red cells the osmotically effective volume can be estimated to be about 
70°, of the total volume (PONDER 1948a). It is not known whether the os- 
motically effective volume of adult and fetal red cells constitutes the sume 
percentage of the total cell volume. There is, however, no reason to believe 
that any great differences exist and it may be permissible to use the normal 
mean values of surface areas and volumes when the ratio is calculated. ‘lhe 
difference between the ratio “surface area/volume” of adult and fetal red 
cells is about 7%, the surface area of the fetal cells being the relatively larze 
one. P of adult red cells, however, is about 50° greater than P of fetal red 
cells and the difference in P can not be explained by the small difference in 
the ratio “surface area/volume” of adult and fetal red cells. 

If there were great differences in the critical volume of adult and fetal ved 
cells, different permeability coefficients were to be expected. Since both ac ult 
and fetal red cells have been shown to be perfect osmometers under ‘he 
actual conditions, the relation V,/V, is the same for both types of cells | nd 


the difference in P cannot be connected with this factor. 
It thus seems probable that the difference in permeability of adult and { tal 
red cells to water depends on differences in their membrane properties. 
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CHAPTER V 


The Mechanical Resistance of the Red Cells of Fetuses, 


Children and Adults 


Earlier Investigations 


The red cells are presumably subject to a considerable ‘‘wear and tear” in 
the circulation. Consequently, the mechanical stress in vivo has been sup- 
posed to play a role in the normal red cell destruction. There is, however, 
no definite experimental evidence in favour of this supposition 

SHEN, CASTLE and FLEMING (1944) introduced a method for determining 
the mechanical resistance of red cells in vitro. In normal adults they found 
only small variations. In congenital hemolytic anemia, pernicious anemia, 
and sickle cell anemia as well as in the presence of iso-agglutinins and cold 
agglutinins they demonstrated a lowered mechanical resistance of the red 
cells. The factors thought to be responsible for a decreased mechanical 
resistance were increased spheroidicity, increased cohesion between the red 
cells, and decreased strength of the red cell membrane. The results concerning 
hemolytic anemias have been largely confirmed by YOUNG (1947), MATTHES 
(1950), and YOUNG, Izzo and PLATZER (1951). 

Using radioactive iron on dogs, STEWART et al. (1950) showed that the 
mechanical resistance of young red cells was higher than that of the general 
red cell population. The oldest cells, on the other hand, had a lower mechanical 
resistance than the general population. 

\ decreased mechanical resistance thus often seems to reflect a shortened 
in vivo survival of the red cells. ‘‘Inherent defects of the red cell structure, 
as well as injury to the red cell surface ultrastructure seem to be the principal 
ciuses of increased mechanical fragility’? (PONDER 1948). 

‘he mechanical resistance of the red cells of infants and children was 
in estigated by GoLpBLooMm et al. (1953). They found a decreased me- 
¢) nieal resistance in infants during the first 6 days of life in comparison 
w h adults. No determinations were made in infants aged 6 days to 6 
n nths. In children aged 6 months to 13 years the mechanical resistance 
\ s the same as in the adults. A possible relationship between a de- 
« ised resistance and an increased red cell destruction in vivo during the 
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Fig. 22. Photograph of the mechanical rotator. 


neonatal period was suggested. Another support of such a relation was given 


by Hsta, GoLDBLOOM and GELLIS (1954), who found that the degree of 


physiological jaundice in newborn infants varied with the red cell suscepti- 
bility to mechanical trauma in vitro. When these papers of GOLDBLOOM et «/. 
were published the present investigation on the mechanical resistance of the 
red cells during infancy and childhood was practically completed. 


Methods 


The blood samples were obtained as above (p. 18). 

The red cells were subjected to mechanical trauma in the rotator shown in Fig. 22. 
The distance from the center of the flasks to the center of the rotating wheel w is 
5.5 em. The hematocrit was adjusted to 35° with its own plasma. Heparinized wh« 'e 
blood was used and a sample of 0.5 ml was rotated for 60 minutes at 30 r.p.m. in a 
50 ml Erlenmeyer flask (Pyrex) containing 10 spherical glass beads with a diamet -r 
of 3 mm and weighing 0.052 g¢ each. The test was performed at room temperatt ¢ 
varying between 18 and 22°C. 

The degree of hemolysis of the rotated sample was estimated using the meth 
described above (p. 19). The degree of hemolysis of an unrotated sample and o! a 
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sa! ple completely hemolysed in distilled water was estimated in order to obtain a 
cal. oration curve. The red cell susceptibility to mechanical trauma is usually expressed 
as ie percentage hemoglobin liberated during the rotation. Because the term resist- 
an» has been used in this paper (instead of fragility), the mechanical resistance was 
ex} ‘essed as the percentage of undestroyed red cells, i.e. 100 minus the percentage 
of }emoglobin liberated during the rotation. 

ihe error was + 4% when calculated from 100 duplicate determinations. 

lhuring the experiments on the mechanical resistance some methodological observa- 
tions have been made, which stress the importance of a detailed standardization of 
the method. Even small differences in the hematocrit give differences in the degree 
of hemolysis; therefore the hematocrit of the tested blood sample has to be ad- 
justed to a certain value. The degree of damage is easily changed by changing the 
number of glass beads or the revolution rate or the total time of rotation. In one 
case an inerease in revolution rate from 30 to 60 r.p.m. gave a lowering of the number 
of resistant cells from 95% to 91%. The influence of the time of rotation is shown in 
Fig. 23. The number of glass beads seems to influence the mechanical resistance less 
than the revolution rate or the time of rotation. An increase of the number of glass 
heads from 10 to 20 gave no definite decrease in the number of resistant cells. Instead 
of whole blood washed red cells may be used, but the results are then much more 
inconstant. These scattered observations indicate that a closer study of the different 
factors influencing the mechanical resistance test might be valuable. 

The osmotic resistance was tested as above (p. 19). 

The reticulocytes were counted as above (p. 19). 

The red cell diameter distribution was obtained from 1000 « magnified microphoto- 
vraphs of dried blood films. 

Concerning material see p. 24. 


Results 


The results of the determinations of the mechanical resistance are shown 


in Table 6. 


Full-term infants 


The red cells at birth and during the first two to three months of life were 
less resistant to mechanical trauma than adult red cells. At birth and during 
the first two days of life the mechanical resistance was lower than after the 
firs' week of life. After the third month the mechanical resistance was prac- 
tie: ly the same as in the adults. 

lor the purpose of investigating whether the decreased mechanical resist- 
anc+ of the red cells of the cord blood was a characteristic of a few cells only, 
thi e cord blood samples and five adult blood samples were subjected to an 
ine eased mechanical shaking during a prolonged time (20 glass beads, 80 
'pon., 5 hours). The result is shown in Fig. 23. Obviously a relatively great 
nu iber of the late fetal red cells were more susceptible to mechanical trauma 


th 1 adult red cells. 
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TABLE 6 
The mechanical resistanee of the red cells of fetuses, children and adults. 
resistant cells 
' No. of 
Age group cases Standard 
Mean error of the Range 
| mean 
5 90.7 + 3.4 79.0— 97.5 
Cord blood 29 95.8 ~ 0,46 8$9.0— 99.0 
95.6 + 0.43 92.5- 97.0 
95.6 92.5- 98.0 
76-105 days . 14 96.8 0.31 97.0— 99.0 
10 98.4 0.25 97.0— 99.5 
t test on the differences of the mean of the mechanical resistance. 
Probability 


Compared age groups 


Difference | 


of identity 


Cord blood vs, fetuses 
Cord blood vs, 12-48 hours 
Cord blood vs. 4-6 months 
Adults vs. cord blood . 

Adults vs, 12 
Adults vs. 15-75 days 
Adults ws, 4 


48 hours 


6 months 


0.10 < P< 0.51 
0.05 < P< 0.10 
0.10< P< 0.5 


P< 0.001 

P< 0.001 

P< 0.001 
0.01 < P< 0.0: 
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In. nature infants 

n three infants born at least 4 weeks prematurely, the mechanical resist- 
ane of the red cells of the cord blood was 91, 95 and 96%, which values are 
wii hin the limits of the full-term infants. In four infants born at least 5 weeks 
prematurely and aged from 9 to 32 days the mechanical resistance was 88, 
87, 98, and 92%. 


Fetuses 


In the few young fetuses investigated the mechanical resistance seemed to 
be lower than in the cord blood of the full-term infants. The difference, how- 


ever, Was not significant. 


The mechanical resistance of reticulocytes 


The mechanical resistance of reticulocytes was investigated by counting 
the number of reticulocytes before and after a prolonged mechanical resist- 
ance test (80 glass beads, 80 r.p.m., 3 hours). The fresh, untreated blood 
contained 1.6% reticulocytes. After the shaking 32% of the red cells were 
destroyed. Of the undestroyed red cells 6% were reticulocytes. An untreated 
blood sample showed 2 % reticulocytes after three hours at room temperature. 
If it is assumed that no reticulocytes had been destroyed during the mechani- 
cal resistance test a value of 2.3% reticulocytes would be expected after the 
shaking. The observed value of 6% is much higher and thus the number of 
reticulocytes apparently increased during the test. 


The relation between the red cell shape, the osmotic resistance and the mechanical 
resistance 


Before and after the shaking of two cord blood samples and one adult 
blood sample, the osmotic resistance was tested, the red cells were photo- 
graphed and the cell diameters were measured. A shaking that destroyed 
about 20% of the red cells gave an increased osmotic resistance (Fig. 24a). 
The microphotograph showed that about 15° of the undestroyed cells were 
mcre or less crenated, while the others looked rather normal (Fig. 25). The cell 
di: meter distribution was practically identical before and after the shaking, 
ony the smallest cells (spherocytes?) had quite disappeared (Fig. 26). 

\ more violent shaking that destroyed 30 to 50% of the red cells gave 
in gular osmotic resistance curves (Fig. 24b). One part of the cells had be- 


Hemolysis °o 


Hemolysis 


808 680 552 424 296 
744 616 488 360 232 
NaCl concentration °/o 


NaCl concentration 
a b 
Fig. 24. Degree of hemolysis of cord blood red cells at different NaCl concentrations before 


(OQ) and after (* ) about 20% (Fig. 24a) and 50% (Fig. 24b) of the red cells had been de- 
stroyed by shaking. 


Fig. 25. Microphotographs of the red cells before (Fig. 25a) and after (Fig. 25b) about ©) % 
of the red cells had been destroyed by shaking. 
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Fig. 26. The red cell diameter distribu- 
tion before (CO) and after ( x) about 
20°, of the red cells had been de- 
stroved by shaking. 


Fig. 28. The red cell diameter distri- 
bution before (OQ) and after ( » ) about 
50°, of the red cells had been destroyed 
by shaking. 


Fiy 7. Microphotographs of the red cells before (Fig. 27a) and after (Fig. 27b) about 50% 
of the red cells had been destroyed by shaking. 
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come more resistant and another part less resistant than before the shak: ig, 
The microphotograph showed that all undestroyed red cells had becc ine 
crenated and distorted (Fig. 27). The distribution of the red cell diameters |:ad 
changed markedly, the smallest cells had increased in number and _ he 
mean’ cell diameter had decreased from 8.9 to 8.2 up (Fig. 28). 


Discussion 


It is evident that the majority of the fetal red cells are more susceptibli to 
mechanical trauma in vitro than adult red cells. The present investigation 
cannot prove that this increased mechanical in vitro destruction of the 
red cells in the neonatal period indicates an increased in vivo destruction. 
GOLDBLOOM et al. (1953 and 1954), suggested that there exist such a rela- 
tionship, which also is in accordance with MOLLISON’s (1951) finding that some 
cord blood red cells had a shortened post-transfusion survival. 

GOLDBLOOM et al. did not investigate infants between 6 days and 6 monthis. 
but concluded from their values at the end of the first week of life that the 
mechanical resistance was normal after this time. According to the present 
investigation it seems probable that the mechanical resistance is decreased 
also after the first week of life. Normal adult values were not obtained until 
the second to third month of life. It may be worth mentioning that the in- 
crease in mechanical resistance on the whole parallels the disappearance of 
the large fetal red cells (Fig. 2). 

The figures obtained for the mechanical resistance of adult red cells agree 
t 


very well with those given by other investigators. The small differences miz] 
be ascribed to methodological divergences. 

The finding that the reticulocytes belong to the mechanically most resist «nt 
cells is in good accordance with the investigations of STEWART et al. (1950), 
who showed that young red cells were more resistant to mechanical stress 
than old cells. The absolute increase in the number of reticulocytes after the 
mechanical resistance test is rather astonishing. A possible explanation ia) 
be that more reticulocytes have become stainable when the cells swell ‘nd 
crenate during the test. The phenomenon seems to be a parallel to the in- 
creased number of reticulocytes found in prehemolytic hypotonic NaCl s: lu- 
tions (cf. p. 35), in which the red cells also are swollen and crenated. 

The relation between the osmotic and the mechanical resistance has |} en 
discussed by different authors, but no regular relationship has been fo: nd 
(YOUNG 1947; STEWART et al. 1950). With regard to normal cells, however, ‘he 


present investigation has shown that the mechanically most resistant red | clls 
also seem to be the osmotically most resistant ones. In several pathological cv :es. 
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ver, with signs of decreased in vivo survival, discrepancies between 
nechanical and the osmotic resistance have been observed. As a rule 
mechanical resistance in these cases was decreased, while the osmotic 
tance was normal. It has equally been shown that, before bursting, the 
cells subjected to shaking became crenated and probably also more 
rocytie. 
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CHAPTER VI 


The Storage Behaviour of the Fetal Red Cells in Compari-on 
with the Adult Red Cells 


Earlier Investigations 


The behaviour of red cells during storage has been investigated thoroughh 
in connection with blood preservation studies. (For literature see RAPOPor! 
1947 and GIBSON 1953). 

Differences in the behaviour of stored red cells depend on the preservative 
solution, on the temperature, and on the red cell properties. On the whole. 
however, the storage changes follow a common scheme; the rate of the changes 
is different under different conditions only. The changes of the stored red 
cells have been attributed to a failure of the phosphorylation of glucose 
(DENSTEDT 1953). The red cell content of glucose, adenosine triphosphate 
(ATP), diphosphopyridine nucleotide (DPN), and of diphosphoglycerate 
decreases, while the content of inorganic phosphate, lactic acid, and pyruvi 
acid increases. Meanwhile the pH of the cells decreases. The normal in vivo 
concentration gradients of potassium and sodium depend on the metabolic 
activity of the red cells. When the red cell metabolism fails, potassium 
diffuses out of the cell and sodium enters it according to usual diffusion 1: ws. 
Because the rate of change of sodium is greater than that of potassium, the 
total base content of the red cells increases during storage (cf. the discussion, 
p. 55). Accordingly, the red cells swell and the osmotic resistance decrez ses. 

During storage at + 4°C the glycolytic metabolism of the red cells is \ er 
much decreased and the cation control is lost practically at once. During 
storage at + 37° C the glycolytic processes are thought to proceed at th in 
vivo rate for a certain time. As soon as the cells are deprived of most of t!«ir 
glucose and energy-rich phosphates, the metabolism, however, fails and ‘he 
cation control is lost. On account of the higher temperature the cation eq: ili- 
bration proceeds faster at + 37° C than at + 4° C, once it has started. 

Attempts have been made to correlate the red cell survival in vivo y ith 
the physical and chemical changes occurring during the storage in vi ro. 


At present, however, there is no in vitro test that parallels the in \ vo 
survival. MOLLISON and YouNG (1941 and 1942) denied every correla’ on 
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lv. seen in vitro tests on preserved red cells and the survival of these cells 
in vivo after transfusion. Some authors on the other hand are of the 
0) iion that definite correlations exist between in vitro changes and in vivo 
survival, even if the in vitro tests do not give a finite prediction of the in 
vivo behaviour. RAPoPoRT (1947) found that in vitro and in vivo results 
correspond rather well, and he recommended in vitro tests as a preliminary 
procedure for the screening of preservative solutions and for the investigation 
of {he mechanisms of the deteriorative processes of the red cells. According 
to GIBSON (1953) “the effect upon in vivo survival of the abnormality in 
behaviour of the red cell occurring in the preservative solution was very 
striking’. PENNELL (1953) stated that the osmotic resistance and the gly- 
colytic activity of the red cells give a valuable laboratory forecast of the 
probable in vivo survival of the red cells. DENSTEDT (1953) claimed that 
there appears to be a fair correlation between the viability of the cells and 
the ATP. GABRIO and FINCH (1954), however, showed that the changes 
during in vitro storage in acid-citrate-dextrose (ACD) bear no relationship 
to in vivo senescence of the erythrocyte during the first 24 hours following 
transfusion. The typical storage alterations were not found during the aging 
of red cells in vivo. Judging from experiments on dogs concerning the in 
vivo survival 6 and 12 hours after transfusion, they concluded that young 
red cells are more susceptible to storage damage than older cells. GABRIO, 
STEVENS and Fincny (1954) were also able to demonstrate that some extra- 
erythrocyte factors (citrate, plasma age, leucocyte and reticulocyte concen- 
tration) have little effect on the red cells during storage. The same authors 
also showed that the storage damage of the majority of the red cells was 
rapidly reversed once the red cells were introduced into active circulation. 

In the present investigation the changes of stored cord blood and adult 
blood have been compared in order to reveal possible differences between the 
fetal and the adult red cells. The degree of spontaneous hemolysis, the decrease 
in mechanical and osmotic resistance, and the K loss of the cells after dif- 
ferent times of storage at +4°C and + 37° C have been estimated. 


Methods 
eparinized cord whole blood and adult whole blood was collected under sterile condi- 
tions. Three to eight samples of about 10 ml each were then stored in stoppered, 


ster lized, 50 ml Erlenmeyer flasks (Pyrex) at +4° C and/or +37° C. In some ex- 
per nents washed red cells suspended in sterile Salidex® (Pharmacia Ltd, Uppsala)! 
we: used, 

Salidex® is an electrolyte solution for infusion containing 9 g NaCl, 0.3 g KCl, 0.2 g 
Cal, 0.05 g MgCl, 0.6 g 20 % Na lactatis, 1 g Sacchar. invert. monhydr., and aqua steril. 


ad 00 ml (pH varying between 5.5 and 7.0). 
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The changes were measured after different times of storage. The content of ine 
flask was used every time. 

The degree of spontaneous hemolysis was measured photometrically in 0.968 % N.C], 
following the method used in the osmotic resistance test (p. 19). 

The mechanical resistance was measured as above (p. 58). The change in mechan cal 
resistance was expressed as the difference between the value at zero time and the va! ues 
at the different times of storage. 

The osmotic resistance was measured as above (p. 19). As a rule the osmotie re: ist- 
ance curves were shifted to the left during the storage. Because the same modul was 
used in every diagram, the area enclosed between two osmotic resistance curves of 
the same blood at different times of storage seemed to be a fairly good measure of 
the total shift of the osmotic resistance. These ‘‘shift areas’? (in em?) have been used 
when the changes in the osmotic resistance of different blood samples were compared. 
Coradi’s Compensations-Planimeter was used for measuring the areas. 

The hematocrit was measured as above (p. 18). 

The red cell diameter distribution was obtained from 1000 
graphs of dried blood films. 

Potassium determinations were performed with a Perkin-Elmer flame photometer 
(model 52 A with internal Li standard). The K concentration of the red cells was 
calculated from the determined K values of hemolysed whole blood samples and of 
the plasma of the same blood. All K concentrations were corrected to the original cell 
volume. No correction was made for the trapped plasma, which can be estimated to be 
about 1% with the hematocrit method used (ENGHOFF, 1954). The error of a single read- 
ing determined from twenty identical plasma samples was found to be +4.7% (- 5). 

The percentage of K that has left the red cells at different times of storage is the 
simplest way of expressing the cell K loss. This method, however, was not considered 
satisfactory, because different blood samples had different hematocrit values 
(cord blood higher than adult blood) and because the concentration gradient for K 
changes during the storage. The rate of K loss was therefore calculated in the following 


magnified microphoto- 


way, with due consideration to the above factors. 
Every blood sample was regarded as a system of two compartments separated by 
a membrane, the plasma being the one compartment (1) and the red cells the other (2). 


The red cell membrane was regarded as the membrane of the system. If the K con- 


centration of compartment (1) is analysed, the following equations are used. 


dn A 
D (Cs - &) 
dt = 
dn 9) 


(10) 


where D is the diffusion coefficient for K, A the area across which the diffusion occ 
» the thickness of the membrane, V, the volume of compartment (1), V. the volu ne 
of compartment (2), C! the K concentration in compartment (1) and C2 the K on- 
centration in compartment (2) at zero time, C, and C, respectively the K concen :a- 


m is the average K concentration of the total system, an: 1 


tions at the time ¢t, C 


the amount of K entering the plasma. 
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. combining the equations (8), (9) and (10) we obtain 


(11) 


dt 


1c ATV, + 
=p) 1 1 2 i( 1 2) 
J 1 J 2 


D.i 6 can be substituted by a constant k, which is called the A loss coefficient and 
has the dimension volume time-!. The k in this two-compartment system is a measure 
of te K transport across the membrane. After integrating equation (11) and solving 


for we obtain 


In —— (12) 


In this equation all parameters can be determined. 


Results 
Storage at +4°C 
With the criterion used in this investigation the heparinized fetal red cells 
seem to disintegrate faster than adult red cells when stored in their own 
plasma at +4°C. 
The fetal red cells showed a more rapid spontaneous hemolysis than the 
adult red cells (Table 7). 


TABLE 7 


The percentage of spontaneous hemolysis after different times of storage at +4 C. 


No. of 0-24 No. of 0-120 No. of 0-264 

cases hours cases hours cases hours 
| Cord blood . « 10 0.5 % 8 6.0 % 3 16.0 % 
| Adults ....... 9 0% 7 0.6 % 6 6.6 % 


The decrease in mechanical resistance occurred at a faster rate in cord blood 
than in adult blood (Table 8). 


TABLE 8 


he mean difference in mechanical resistance after different times of storage 


at +4 C. 

| No. of 0-24 No. of | 0-120 No. of | 0-264 

cases hours cases hours cases hours 
| 
| 
« 2. 6 —-4.8% 5 - 8.6 % 4 —17.5 % 
| /0 
| 
9 121% 5 3.2 % 5 15.0 % 
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Fig. 29. Mean percentage hemolysis of 10 cord blood (fig. 29 a) and 9 adult blood samples 
(fig. 29b) at different NaCl concentrations before and after different times of storage at +4 C, 


There was also a faster decrease in osmotic resistance of the fetal red cells 
than of the adult cells (Fig. 29). After a storage of 24 hours the osmotic 
resistance of 10 cord blood samples showed a greater decrease than the 
osmotic resistance of 9 adult blood samples. The osmotic resistance curves 
did not show a parallel shift to the left during cold storage. Some cells showed 
a more rapid decrease in osmotic resistance. Whether the cells that were 
more sensitive to storage were the same as those that were less resistant from 
the beginning is not possible to say. If the shift is expressed as the mean area 
between the osmotic resistance curves at zero time and at 24 hours, a “shift 
area’ of 4.3 em? was found for the cord blood, while the adult “shift area” 
was 0.7 em?. The difference between these values was significant (P < 0.001), 
The corresponding values for a storage of 120 hours were 16.3 em? and 9 cin? 
(P < 0.05). Because it was difficult to obtain sufficient amounts of cord blood, 
only 3 cord blood samples were investigated after a storage of 264 hours. 
No definite comparison with the adult blood was thus possible. The general 
tendency, however, seemed to be the same also after this time of storage. 

A comparison of microphotographs of fetal and adult red cells at the st. rt 
and at the end of 264 hours cold storage showed that the number of crena‘ 
and distorted red cells was greater in the cord blood samples than in the ad ult 
samples (Figs. 30 and 31). The same difference was also observed betwi on 
fetal and adult red cells stored for 120 hours at + 4° C. 

During cold storage a decrease in the red cell diameter also occurred (Fig. : 
No remarkable difference between fetal and adult red cells was observed. 

The loss of potassium from fetal red cells occurred at a faster rate than fr | 
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). Microphotographs of the red cells of two cord blood samples before (fig. 30 a and c) 
and after (fig. 30b and d) 264 hours storage at +4 °C. 
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Fig. 31. 
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Microphotographs of the red cells of two adult blood samples before (fig. 
and c) and after (fig. 31 b and d) 264 hours storage at +4 °C. 
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Fig. 32. The red cell diameter distribu- 

tion of a cord blood sample before (O) 

and after (») 264 hours storage at 


adult red cells during storage at +4°C. In Fig. 33 the rate of K loss from 
red cells of 3 cord blood and 3 adult blood samples is given as percentage of 
the initial total K content. The fetal red cells lost their K more rapidly 
than the adult cells. The difference seemed more pronounced during the first 
24 hours. A closer study of this part of the curve was therefore considered 
to be of a special interest. 

The result of such a study is shown in Fig. 34. During this initial phase of 
storage the rate of K loss of the fetal red cells was great in comparison with 
the adult red cells. Because of reasons mentioned above (p. 68) these curves, 
although they give a true picture of the K loss in the individual cases, are not 
appropriate for a comparison of the K loss rate of different red cell samples. 
Therefore the K loss coefficient, k, was calculated according to equation (12). 
For 10 cord blood samples a mean k of 0.325 was found, while the k of 10 


K’ loss %o 
-—-—-Cord blood 
50+ —Adults 


Fig. 33. The rate of K loss from red 
cell, of cord blood and adult blood 
dur g storage at +4 °C. 
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The “K loss coefficient’? of cord blood and adult blood at +4 C. 


TABLE 9 


wt 


Cord whole blood Adult whole blood 

0.649 25 0.234 
11.5 0.483 30 
oF 0.508 42.5 0.243 
Be 10 0.235 23 0.193 
13 0.247 31 O.L58 
2: 10 0.092 47 0.162 
20 23 0.206 
30 0.453 30 O.197 
45 0.399 47 0.150 
4. 10 O.317 52 O.159 
20 0.427 » 24 0.146 
25 0.406 48 0.139 
30 0.369 72 O.159 
45.5 0.454 4, 24 0.096 
D. 19 0.173 120 0.274 
24 0.164 264 0.381 
43 0.313 4, 14.5 0,089 
47 0,234 Ds 24 0.142 
6, Is 0.031 120 O.118 
25 0.187 6. 24 0.029 
41 0.198 120 0.052 
48 0.532 de 24 0,162 
24 0.286 120 0.183 
120 0.388 8. 17 0.113 
8. 24 0.485 24 0.123 
9. 24 0.284 48 0.131 
120 0.394 9. 17.5 0.205 
10. 22 0.227 23 0.243 
45.5 0,259 48 0.139 
71 0.269 96 0.134 
10. 10 0.136 
24 0.118 
48 0.108 

Mean k = 0.325 + 0.026 Mean k = 0.161 + 0.012 


blood samples was 0.161 (Table 9). The difference was significant 
0.001). In two other healthy adults the rate of the K loss was very much 
ased compared with the other adults and even with cord blood (Fig. 34 b). 


mean k for these two adults was 0.432. The difference was so 


great 
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TABLE 10 


The “K loss coefficient”’ of fetal and adult red cells suspended in Salidex® at ~ 4 ¢, 


Cord blood red cells + Salidex® Adult red cells + Salidex® 
10. 22 0.207 2. 22.5 O.10E 
45 0.25% 28 0.14¢ 
71 0.251 53 0.156 
ia. 8 0.266 101 0.100 
1] 0.251 3. 8 0.168 
12. 17 0.241 i 0.191 
24 0.260 4. 11 0.119 
48 0.349 13.5 
13. 19 0.226 9. 17,5 0.093 
a 0.353 23 0.146 
48 0.374 48 0.151 
14. 19 0.226 96 0.137 
| 0.353 18.5 0.253 
48 0.374 26 0.242 
48 0.158 
Mean k= 0,285 + 0.018 Mean k= 0.153+0.012 


(k = 0.161 + 0.012 and 0.432 respectively) that it seemed permissible to 
regard the K loss of these two adults as abnormal. A more detailed study of 
these red cells would be of interest, but has been considered outside the scope 
of this investigation. 

The K loss of washed fetal and adult red cells suspended in Salidex® showed 
the same difference as the red cells of whole blood. The mean K loss coef- 
ficient, k, of fetal red cells was 0.285, while k of adult red cells was 0.153 
(Table 10). The difference between these values is significant (P < 0.001) 

The K loss coefficient, k, of the red cells of 4 newborn infants aged 25 to 
60 hours was 0.390, 0.462, 0.534, and 0.446, which indicates a more rapi! K 
loss during the postnatal period than at birth. 


Storage at + 37°C 


Also when stored at + 37°C characteristic differences were obse: ved 
between fetal and adult red cells. 

No spontaneous hemolysis was observed in 7 adult blood samples storec for 
24 hours at + 37°C, while 4 of 7 cord blood samples showed a spontan: 0us 


hemolysis between 1 and 11%. 
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different NaCl concentrations before and 10 F ua Re 4 
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During a 24 hours storage at + 37° C the change in osmotic resistance was 
different from that observed during storage at +4°C. The majority of the 
red cells showed a decreased osmotic resistance in the same way as at + 4° C, 
but a minority of cells showed an increased osmotic -resistance after the 
storage (Fig. 35). The mean decrease in the osmotic resistance of 7 cord 
hlood samples was greater than that of 7 adult samples, but the difference 
was not significant when expressed as the difference between the “shift 
areas’ (10.1 em? and 7.1 em? respectively, 0.10 <P <0.50). The mean 
increase in osmotic resistance of the cord blood samples was not significantly 
greater than the resistance increase of the adult blood samples (3.0 ¢m? and 
2.2 cm? respectively, 0.50 < P). 

The rate of K loss of red cells stored for about 48 hours at + 37° C is il- 
lustrated in Fig. 36. It is evident that the cord blood cells started to lose K 
earlier than the adult cells. Once the K loss of the adult red cells had started, 
the loss seemed to be more rapid than the K loss of cord blood cells. A mean 
K loss coefficient, k, of 0.362 was found for 6 cord blood samples (5 of these 
eases are represented in Fig. 36). In 4 adult blood samples the mean value 
was 0.613. Table 11 illustrates that k is not constant during the storage but 
incresses with the time. The red cells of one of the “abnormal” adults also 


showed an increased K loss rate at + 37° C (Fig. 36 b). 


Sorvve at +4°C followed by a storage at + 37°C 


W en red cells were at first stored at + 4°C for 24 hours and then at +37°C 
for. | hours the osmotic resistance was changed as shown in Fig. 37. After 
the « cerease during the cold storage there was a remarkable increase in osmotic 
resis ince after the storage at + 37°C. The effect was obtained both with 
feta’ and adult red cells. No definite difference was found between the two 
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ty) » of cells. The K loss of the cells was increased during the storage at 
(© when compared with the K loss during a continued storage at + 4° C 
and Was about the same as during an immediate storage at + 37° C. 


TABLE 11 


‘ 


The “K loss coefficient” of cord blood and adult blood at + 37 C. 


Cord whole blood Adult whole blood 
| | cue Howat | 
11.5 0.394 25 0.750 
21 0.586 30 1.537 
2 10 0.114 2. 23 0.330 
13 0.110 ol 0.633 
a 10 0.202 3. 23 0.241 
20 0.371 30 0.712 
0.380 47 0.890 
30 0.674 3. 24 0.307 
3. 19 0.158 4. 23 0.255 
24 0.183 31 0.479 
29 0.201 }, 14.5 0.147 
43 0.702 
47 0.832 
6. 18 0.170 
Li. 24 0.064 
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Discussion 
Storage at +4°C 

Because the metabolic activity of the red cells is minimized durin — the 
cold storage and because whole blood and washed red cells show the «ame 
storage behaviour, the different storage behaviour of cord blood and dult 
blood must be attributed to differences between fetal and adult red ells, 
probably to membrane differences. 

During cold storage of red cells the cell membrane becomes cation per 
meable, and Na and K move according to their concentration gradients, 
Because the rate of change of Na is greater than that of K, the total re: cell 
base will increase successively. The cell membrane is still impermea}le to 
the red cell proteins, which will thus exert an inside colloid osmotic pressure. 
These two factors, the total base increase and the colloid osmotic pressiire of 
the proteins, cause a water uptake resulting in a swelling of the cells during 
cold storage. The decreasing red cell diameter and the decreasing osinotic 
resistance during cold storage depend probably on this swelling of the red 
cells. The rate of K loss is an expression of the permeability of the red cell 
membrane to K. The decreasing osmotic resistance during storage is mainly 
an expression of the difference in the diffusion rate of K and Na. 

In the present investigation it was shown that the cation permeability of 
the fetal red cells is higher than that of adult red cells (Fig. 34, Table 9). 
It was also shown that the osmotic resistance decreases more rapidly in the 
fetal red cells than in the adult ones (Fig. 29). Because the fetal and «adult 
red cells have the same cation concentration gradients and because. the 
difference of diffusion area between fetal and adult red cells is small (ef. p. 56), 
it seems permissible to conclude that these differences in cold storage behariow 
of fetal and adult red cells depend on differences in the properties of the red cell 
membrane of these two types of cells. 

The mechanical resistance of cold stored fetal red cells decreases ore 
rapidly than that of adult red cells stored in the same way (Table 8). Although 
the significance of the mechanical resistance test is not known, it seems ))rob- 
able that the difference between cold stored fetal and adult red cells is con- 
nected with membrane differences of the two types of cells, the membra ‘ie of 
fetal red cells becoming more vulnerable to mechanical trauma dv ring 
storage. According to SHEN, CASTLE and FLEMING (1944) the degree of »phie- 
roidicity will influence the mechanical resistance. The higher degr + of 
spheroidicity of the stored fetal red cells may thus also be regarded ‘s 4 
direct or indirect explanation. 

On the whole cord blood red cells seem to be more vulnerable to cold storage ‘hai 
adult red cells. Also the microphotographs support this opinion (Fig . 3! 
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and ol). The relatively high K loss during the postnatal period may be an 
ind. ation of a greater number of vulnerable red cells during this time than at 


bir 


Storage at +4 

Tue delayed start of the K loss of adult red cells is the most remarkable 
difference found between fetal and adult red cells stored at + 37° C (Fig. 36). 
In cord blood the K loss starts during the first 5 hours, while in adult blood 
a K loss is at first observed after 10 to 15 hours storage. This implies that the 
fetal red cells lose their capacity of maintaining a concentration gradient for 
the Ik ions earlier than the adult red cells. The most likely explanation of 
this phenomenon is an earlier failure of the metabolic activity of the cord blood 
red cells, 

When the metabolism fails the cation gradients can not be maintained. 
The cation equilibration proceeds faster at + 37° C than at + 4° C probably 
depending on the temperature difference. Judging from the osmotic resistance 
tests (Fig. 35) and from the degree of spontaneous hemolysis this process 
seems to be more rapid in fetal red cells than in adult red cells, even if 
the difference is not significant. It is, however, impossible to compare in 
detail the rates of the cation equilibration of fetal and adult red cells, because 
their metabolism fails after different times. The increasing K loss coefficient 
during the experiments is manifest evidence thereof (Table 11). No definite 
difference in the rate of cation equilibration of fetal and adult red cells 
stored at + 37° C can thus be proved. 

It must also be remembered that other factors than the red cell properties 
may affect the red cells during the storage at + 37°C. Minimal bacterial 
contamination, evaporation of water, pH changes and different plasma 
constituents may affect the rate of deterioration. It is thus to be expected 
that the experimental conditions in themselves cause considerable variation 
in the results. 

An interesting observation concerning red cells stored at + 37° C is that 
the osmotic resistance of some of the red cells increases (Fig. 35), while the re- 
sistunicve of the majority decreases. A similar increase in osmotic resistance, 
thous! 
whe red cells were at first stored at + 4° C and then at + 37°C (Fig. 37). 
The . ffect was the same both on fetal and on adult red cells. The real nature 
of t's phenomenon has not been revealed. Because the K loss proceeds at 
the . sual rate, it is not possible to look for the explanation of the increased 
Osh: ‘ie resistance in a shrinking of the cells. It seems more likely that the 


affecting a greater number of cells, was observed on the occasion 


hen vlobin of these red cells changes its state during these storage conditions 
and ecomes osmotically inactive because of gelation or crystallization. 
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Final Comment 


The cord blood red cells differ markedly from the adult red cells with re- pect 
to the physical properties studied above. There are definite indicatio:s of 
differences in the red cell membrane of the two cell types. Some of the cord 
blood red cells, at least, seem also to be more susceptible to different in 
vitro stresses (mechanical trauma, cold storage and hypotonicity). Whether 
this greater vulnerability of the cord blood red cells in vitro also iniplies 
« shorter in vivo survival cannot be proved by the present investig: tion. 
Transfusion experiments with cord blood (MOLLISON, 1951) support the view 
that some fetal red cells have a shorter life time in vivo than normal adult 
red cells. Accordingly a certain correspondence can be said to exist bet ween 
the in vitro resistance of red cells and their in vivo survival. Experiments 
on red cells from cases with different hemolytic disorders, not treated in this 
paper, point in the same direction. It is, however, quite possible that this 
apparent parallelism is nothing but a coincidence. The investigations of 
GABRIO and FINCH (1954), though covering only the first 24 post-transfusion 
hours, seem to support such an interpretation. Because they also found that 
young red cells were more suspectible to cold storage than older cells, it can 
be questioned whether the comparatively great number of young red cells in 
cord blood explains the higher susceptibility of cord blood to cold storage. 
It should, however, be emphazised that the present investigation deals with 
untreated whole blood, while most of the other experiments are performed 
with whole blood suspended in acid-citrate-dextrose solution, in whicli the 


rate of deterioration is much more slow. 


Summary 

The main object of the investigation was to study some physical prope ‘ties 
of the fetal red cells in order to find out whether, or to what extent, feta’ red 
cells differed from adult red cells. 

A short survey of the properties of adult and fetal red cells with sp ‘cial 
reference to the characteristic shape and hemoglobin differences was _ irst 
given (Chapter I). 

The osmotic resistance was studied in buffered, hypotonic NaCl solu ons 
(pH 6.8; temp. +4°C), and the amount of liberated hemoglobin was sed 
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as u measure of the degree of hemolysis. Percentage hemolysis curves were 
thu: obtained. A characteristic variation of the osmotic resistance at dif- 
fere’ ages was observed. The majority of the red cells of young fetuses 
show ed a lower resistance than the red cells of cord blood of full-term infants. 
A eoutinuous Increase in resistance towards the cord blood values was noticed 
during the fourth and fifth months of gestation. The mean osmotie resistance 
of cord blood and adult blood did not differ. The span of hemolysis, however, 
was vreater in cord blood, the resistant cells especially being more numerous 
than in adult blood. During the whole childhood the resistant cells were 
more numerous than in adult blood. The greatest number of resistant cells 
was found during the first days of life and at the end of the first year of life. 
During the first six months of life the resistance distribution was skew, 
thereafter it was practically normal. At about puberty a definite shift to the 
adult red cell type seemed to occur. 

Special attention was paid to the methodological problems, to the statistical 
treatment of percentage hemolysis curves, and to the significance of the 
osmotic resistance test. The changes in osmotic resistance were interpreted 
as depending, at least partly, on variations in the red cell shape. It was 
found impossible to draw any definite conclusions from the osmotic resistance 
as to the age or to the in vivo survival of different normal red cells. The 
oldest cells, however, seemed to belong to the osmotically most resistant part 
of the red cell population. The changes in osmotic resistance were regarded 
as indications of variations in the composition of the red cell population or 
in the red cell environment (Chapters IT and ITT). 

The rate of volume increase of red cells in buffered, hypotonic NaCl 
solutions (pH 7.0; temp. + 20° C) was measured photometrically and was 
regarded as a measure of the rate of entrance of water into the red cells. 
The permeability coefficient of water was calculated from these experiments. 
A greater value was found for adult red cells than for cord blood red cells, 
22.1 < 10-3 em sec.-? and 11.7 * 10-3 em sec.-! respectively. The difference 
was interpreted as depending on differences in the membrane of the two 
types of cells. The obtained permeability coefficient of adult red cells was 
discussed in relation to the present conception of the red cell membrane struc- 
ture’ The information obtained by the permeability studies was found to be 
ingvod accordance with the opinion derived from earlier chemical and elec- 
tron microscope investigations. Because different methods gave varying per- 
me: vility coefficients for the same blood, methodological problems concerning 
the letermination of the permeability coefficient were also treated (Chap- 
ter V). 

\V hen a blood sample is subjected to a standardized mechanical trauma, 
son + red cells will burst and hemolyse. The percentage of undestroyed red 
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cells was regarded as a measure of the mechanical resistance. A decr. ised 
mechanical resistance was found at birth and during the first two to © :ree 
months of life. This greater vulnerability may indicate a shorter in vivo 
survival of the cord blood red cells, but there is no proof of such a pre- 
sumption. With regard to normal red cells the mechanically most resi -‘ant 
cells also seemed to be the osmotically most resistant ones (Chapter V 

During cold storage (+ 4° C) of whole blood the glycolytic metabolism 
red cells is minimized. As a result of the failing mebatolism the red cells s well, 
their osmotic resistance decreases and they lose potassium and gain sovium 
in accordance with their diffusion coefficients and concentration gradi: nts, 
Judging from changes in the osmotic resistance and in the cation permeability, 
the cord blood red cells equilibrated their cations faster than the aduli red 
cells. The difference was attributed to membrane differences between the two 
types of cells (Chapter VI). 

During storage at + 37° C glycolysis at first proceeds at the in vivo ‘ate, 
and the normal in vivo concentration gradients of the cations are maintained. 
Judging from the potassium loss curves during storage at + 37° C the metabo- 
lism of the cord blood red cells seemed to fail earlier than that of the adult 
red cells. After the metabolic failure it was not possible to prove any dif- 
ference in the rate of cation equilibration between cord blood and adult red 
cells (Chapter VI). 


Zusammenfassung 


In der vorliegenden Arbeit werden Erythrocyten aus fetalem, mensch- 
lichem Blut mit solchen aus Erwachsenenblut bezitiglich ihrer physikalis« hen 
EKigenschaften verglichen. 

Unterschiede der Form und des Hamoglobingehalts werden eingangs be- 
schrieben (Kapitel I). 

Zur Untersuchung der osmotischen Resistenz dienten hypotonische \.(l- 
Lésungen von abgestufter Ionenstarke (pH 6,8, gepuffert; Temp. +4°C). Der 
Himolysegrad wurde anhand der Menge des freien Himoglobins ermit ‘elt. 
Es ergaben sich auf diese Weise %-Hamolysekurven. Die osmotische ! '¢si- 
stenz der Erythrocyten war in charakteristischer Weise vom Alter der uw ‘er- 
suchten Individuen abhangig. So zeigten rote Blutkérperchen von ju: ven 
Feten mehrheitlich eine geringere Resistenz als solche aus dem Nabelschiiur- 
blut von ausgetragenen Kindern. Der Haupt-Anstieg der Resistenz fi | in 
den 4.-5. Schwangerschaftsmonat. Nabelschnur-Erythrocyten zeigten len 
gleichen Mittelwert der osmotischen Resistenz wie Erwachsenen-Eryt 
eyten, hingegen bestanden bei den ersteren gréssere Abweichungen — om 
Mittelwert. Wihrend der ganzen Dauer des Kindesalters lag die Resis °nz 
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ibe: dem Normalwert fiir Erwachsene, wobei Héchstwerte in den ersten 
Leb: istagen und am Ende des ersten Lebensjahres zu verzeichnen waren. 
Im uaufe der ersten 6 Lebensmonate war die Resistenzverteilung nicht 
loc! enférmig, nachher jedoch normal. Zur Zeit der Pubertaét war ein Wechsel 
mm iirythrocytentyp Erwachsener nachzuweisen. 

P:obleme der experimentellen Methodik werden hier eingehend besprochen; 
es wird auf die statistische Behandlung der Himolysekurven eingegangen, 
und die Bedeutung des osmotischen Resistenztests wird diskutiert. In be- 
stimmten Fallen ist es méglich, Veranderungen der Erythrocytenform fiir 
hbeobachtete Resistenzverinderungen verantwortlich zu machen. Auch schei- 
nen die altesten Zellen einer Population zu den osmotisch resistentesten zu 
vehoven. Im allgemeinen darf aber aus dem Wert der osmotischen Resistenz 
nicht auf das Alter der Erythrocyten geschlossen werden, noch diirfen die 
Aussichten fiir ein Uberleben in vivo abgeschitzt werden. Als massgebend 
fir cine Anderung der osmotischen Resistenz kommen in Frage eine ver- 
inderte Zusammensetzung der Erythrocyten-Population oder eine veranderte 
dusammmensetzung des Erythrocyten-Milieu. (Kapitel IT und ITI). 

Die Geschwindigkeit, mit der das Erythrocytenvolumen in hypotonischer 
NaC]-Lésung zunahm, wurde photometrisch gemessen (pH 7, gepuffert; 
Temp. 20°C). Daraus liess sich der Permeabilitatskoeffizient fiir Wasser ermit- 
teln. Dieser war bei Erythrocyten von Erwachsenen grésser als bei solchen 
aus Nabelschnurblut (22,1 em sec-! gegeniiber 11,7 <10-* cm sec~}), 
woraus auf unterschiedliche Membraneigenschaften dieser beiden Zelltypen 
m schliessen ist. Die hier ermittelte Durchlassigkeit des Erwachsenen-Ery- 
troevten fiir Wasser steht im Einklang mit gewissen Ansichten tiber die 
Menbranstruktur, wie sie aus friiheren chemischen und elektronenmikro- 
skopische Untersuchungen herzuleiten sind. Da verschiedene Methoden ver- 
schicdene Permeabilitatskeeffizienten fiir Wasser ergaben, werden hier metho- 
dische Probleme ebenfalls auseinandergesetzt. 

Wenn ein mechanisches Trauma von geeignet gewihiter Intensitaét auf eine 
Blut probe einwirkt, platzen einige Blutkérperchen und hamolysieren. Die 
Proventzahl der unversehrten Erythrocyten ist dann ein Mass fiir die mecha- 
niscie Resistenz. Letztere erwies sich zur Zeit der Geburt und in den 2-3 fol- 
genden Monaten als relativ niedrig. Dieser Befund mag mit der Tatsache in 
Bez chung stehen, dass einige Nabelschnur-Erythrocyten eine relativ geringe 
in \i'vo Uberlebenszeit aufweisen. In einer Population von ,,normalen“ Ery- 
thr -yten scheinen die mechanisch widerstandsfihigsten Zellen zugleich die 


osn otisch resistentesten zu sein (Kapitel V). 

Las Aufbewahren von Gesamtblut in der Kadlte (+4°C) ist mit einer starken 
He: bsetzung des glykolytischen Stoffwechsels verbunden; die roten Blut- 
kor erchen schwellen dabei an; ihre osmotische Resistenz nimmt ab; sie 
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verlieren Kalium und nehmen Natrium auf. Die Geschwindigkeit des I: ien- 
austausches hangt von den Konzentrationsunterschieden sowie von den |)if- 
fusionskoeffizienten ab. Aus Messungen der osmotischen Resistenz unc aus 
Kationenbestimmungen ist zu schliessen, dass bei Nabelschnur-Ery. hiro- 
zyten die Einstellung eines neuen Ionengleichgewichts rascher vor sich :eht 
als bei Erwachsenen-Erythrozyten. Die Membranen dieser beiden Zellt’ pen 
scheinen sich also auch beziiglich der Ionenpermeabilitét zu untersch: iden 
(Kapitel VI). 

Das Aufbewahren von Blut bet 37°C ist anfanglich nicht mit einer Abn: lime 
des in vivo Wertes der Glycolyse verbunden, und die normalen Kationen- 
Gradienten blieben erhalten. Die intracellulare Kalium-Konzentration bevann 
im Nabelschnurblut bereits nach kirzerer Zeitdauer abzusinken als im Er- 
wachsenenblut; dies deutet darauf hin, dass im Nabelschnurblut der ,.nor- 
male*t Stoffwechsel rascher zusammenbricht. Nach voélligem Versagen des 
Stoffwechsels konnte an den genannten Zelltypen kein Unterschied in der 
Geschwindigkeit des Tonenaustausches mehr festgestellt werden (Kapitel VI). 


Résumé 


Le principal objet de cette étude a été d’examiner quelques propriété pliy- 
siques des globules rouges foetaux afin de découvrir si les globules rouges fo- 
taux différaient des globules adultes et dans quelle mesure. 

Un court examen des propriétés des globules rouges adultes et foetaux, en 
se référant particuli¢rement a la forme caractéristique et aux différences 
@heéemoglobine, a d’abord été fait (Chapitre I). 

La résistance osmotique a été étudiée dans des solutions tamponnées, hiy- 
potoniques de CiNa (pH 6,8; Temp. +4°C), et la quantité @hémoglo)ine 
libérée a été utilisée Comme mesure du degré d’hémolyse. Des courbes du 
pourcentage d’hémolyse ont ainsi été obtenues. La majorité des globules 
rouges des jeunes foetus ont montré une résistance plus faible que ceuy du 
sang du cordon ombilical des enfants a terme. Un aeccroissement contin: de 


de 


résistance vers les valeurs du cordon a été enregistré durant le 4¢ et | 
mois de la gestation. La résistance moyenne du sang du cordon et cell: du 
sang adulte ne différent pas. La «span» d’hémolyse, cependant, était lus 
grand dans le sang du cordon, les cellules résistantes étant, en particu ier. 
plus nombreuses que dans le sang adulte. Pendant toute lenfance les cel) iles 
résistantes se sont montrées plus nombreuses que dans le sang adulte Le 
plus grand nombre de cellules résistantes a été trouvé pendant les pren ers 
jours de la vie et a la fin de la premiére année de vie. Pendant les six pren ers 
mois de vie, la courbe de distribution des résistances était assymétrique. °n- 
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suite olle était pratiquement normale. Aux environs de la puberté, une trans- 
form: ‘tion définitive en globules rouges adultes semble survenir. 
- attention spéciale a été portée aux problemes méthodologiques, au 


trait/ ment statistique des courbes de pourcentage d’hémolyse et a la signifi- 
cation du test de résistance osmotique. Les changements dans la résistance 
opsmolique ont été interprétés comme dépendant, au moins en partie, de 
yariz‘ions dans la forme des globules rouges. I] a été impossible de tirer des 
conclusions définitives de la résistance osmotique en ce qui concerne lage 
ou li survie in vivo de différents globules rouges normaux. Les plus vieilles 
cellules, cependant, semblaient appartenir, au point de vue osmotique, a la 
partic la plus résistante des globules rouges. Les changements dans la resis- 
tance osmotique ont été considérés comme des indications de variations dans 
la composition de la population cellulaire ou dans le milieu environnant 
(Chapitres IIT et IIT). 

Le taux d’accroissement de volume dans les globules rouges en solution 
tamponnée et hypotonique de NaCl (pH 7,0; Temp. +20°C) a été mesuré 
photométriquement et considéré comme une mesure de la vitesse de pénétra- 
tion de Veau. Le coefficient de perméabilité de Veau a été caleulé d’apreés ces ex- 
periences. On a trouvé une valeur plus grande pour les globules rouges adultes 
que pour ceux du cordon, respectivement 22.1 x 10~% cm see.~! et 11.7 x 10- 
mm see.”', La différence a été interprétée comme dépendant de différences 
dans la membrane des deux types de cellule. Le coefficient de perméabilité 
obtenu pour les globules rouges adultes a été discuté en rapport avec la prée- 
vente conception de la structure de la membrane cellulaire. On a trouvé que 
es renseignements tirés des études de perméabilité s’accordent bien avec 
opinion qui découle de recherches effectuées antérieurement par voie chi- 
nique et au moyen du microscope électronique. Du fait que les différentes 
néthodes ont donné des coefficients de perméabilité différents pour le méme 
ang, on a également étudié les probleémes méthodologiques concernant la 
determination du coefficient de perméabilité (Chapitre IV). 

Quand un échantillon de sang est soumis a un traumatisme mécanique 
tandard, quelques globules rouges éclatent et s*hémolysent. Le pourcentage 
le ¢lobules rouges non détruits est une mesure de la résistance mécanique. 
On: observé une résistance mécanique plus faible a la naissance et durant 
es (eux ou trois premiers mois de vie. On a suggéré que cette plus grande 
‘uln ‘rabilité était paralléle a une plus courte survie in vivo des globules 
ues de cordon. Par comparaison avec les globules rouges normaux, les 
‘lob des les plus résistants mécaniquement ont semblé étre aussi les plus 
sis ants du point de vue osmotique (Chapitre V). 

Si l'on conserve au froid (+4°) du sang entier, le métabolisme glycolytique 
les slobules rouges est diminué. Par suite d’un métabolisme moindre, les 
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globules rouges se gonflent, leur résistance osmotique décroit, ils perde: | du 
potassium, et gagnent du sodium, conformément a leurs coefficients di dif. 
fusion et a leurs gradients de concentration. A en juger par les changer cnts 
dans la résistance osmotique et dans la perméabilité aux cations, les glo’ ules 
rouges du cordon ont équilibré leurs cations plus vite que les globules rciiges 
adultes. On a attribué les différences aux différences de membranes | ntre 
les deux cellules (Chapitre VI). 

Si on conserve les globules a + 37°, la glycolyse se produit d’abord a la 1icme 
vitesse qu’in vivo, et les gradients de concentration des cations obser s in 
vivo sont maintenus. A en juger par les courbes de perte de potassium pen- 
dant le séjour a +37°, le métabolisme des globules ronges de sang du cordon 
a semblé diminuer plus tot que celui des globules rouges normaux. Apres la 
diminution du métabolisme, il n’a été possible de mettre en évidence aucune 
différence dans la vitesse de mise en ¢quilibre des cations entre le sane du 


cordon et les cellules adultes (Chapitre VI). 
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I. Introduction 


Human multiple births have been a subject of general interest sinee 
olden times. There are, for instance, numerous old Roman and Greek 
stories of the divine origin of twins. Among the mythieal personages 
mentioned there are eg. Castor and Pollux, Romulus and Remus. 
The Bible also contains detailed descriptions of twin births, e. g. by 
Rebecca and Tamar. Even today there is no slackening-off in the 
interest shown by the general public in multiple births and _ parti- 
cularly in their less common forms. This is evidenced e.g. by the 
cnormous attention aroused by the Dionne quintuplets. 

Primitive peoples still hold various superstitious views of the 
origin and significance of multiple pregnancies. In a few eases they 
have been taken as a particularly good portent, bringing blessings. 
For instance, some tribes of Upper Guinea considered the birth of 
twins a sign of favour shown by the god of fertility and plenty 
towards the family and even the whole tribe (NEWMAN 1942). Natur- 
ally twins were welcome in such a case, greatly respected and che- 
rished with special care. Twins were also believed to possess super- 
natural powers and were thought to be immune e.g. to many poisons. 
It was much more common, however, for primitive peoples to regard 
twins as abnormal beings and evil omens. Some nations even believed 
that the devil himself had produced the twins and that both the 
mother and the two children must therefore be sacrificed to appease 
him. Sometimes one of the twins was believed to be an evil spirit that 
had to be destroyed. The witch doctor was believed capable of deciding 
which of the twins was the real child to be allowed to survive. 

The scientific study of multiple pregnancies, their causes and forms 
of occurrence did not begin until the last century when GaLTon (1876) 
published his fundamental investigation into twins. Subsequently this 
study has gradually aequired ever wider dimensions and it may be 
said that almost every branch of science pertaining to the human 
heing has points of contact with twin researeh. 
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Numerous theories and hypotheses have been advanced in the course 
of time on the eauses and mechanism of multiple births. For some 
200 years it has been known that differences existed in the type of 
embryonic membranes in twin births (Apert 1923), but it was not 
until mueh later that it was discovered that some pairs of twins 
develop from different ova while others derive from a single ovum. 
A similarity with polytoecous animals was seen in this simultaneous 
production of several ova and multiple pregnancies came to be con- 
sidered atavistie phenomena (HELLIN 1895) believed to result from an 
unusual abundanee of follicles and seantiness of connective tissue in 
the ovaries. Other atavistic phenomena, such as duplicity of the 
genital organs (uterus bieornis ete.) and polymastia, were thought 
to be observed in connection with multiple pregnancies. This atavism 
theory found numerous supporters in its time (WEINBERG 1902, 
STRASSMANN 1904, Prinzinc 1906, Kawexoxy 1909, Bratrrstr6m 1914, 
ete.); later on it met with opposition and was considered improbable 
(e.g. DAHLBERG 1926). 

Another theory advanced was the so-called degeneration theory 
(GRABE 1922, KauMus 1923, ENGeELHORN 1925) linking twinning with 
hereditary nervous and mental diseases. However, this assumption has 
subsequently been found completely invalid. 

In all multiple pregnancies the infants may develop either from 
one ovum or several ova. Twins, therefore, may be either monovular 
ov binovular. Triplets, quadruplets and quintuplets in faet are only 
different variations and combinations of one-egg and two-ege twins, 
for whieh reason NewMAN (1942) calls “‘twins’’ of more than two 
individuals super-twins. 

Polyovular multiples form as a rule through the simultaneous 
release and fertilization of several ova (polvovulation). The ova ma) 
derive either from both ovaries (ovulation biovarialis) or from the 
same ovary (ovulation uniovarialis). In the latter ease the ova may 
come from several follicles or one folliele may contain several ova. 

Abundant evidence is reported in the literature of the simultaneous 
presence of two or more corpora lutea either in both ovaries (S1ppEL 1884. 
Prrers 1900 ete.) or in one ovary (Hoerrt 1834, and Daryan 1876). 
Also, polyovular follicles have been found both in a child and in an adult. 
For instance, Hetirs (1895) reports often having observed such follicl 
with small girls but very seldom in adults. At the same time he quotes : 
number of publications according to which ~everal ova have been found i 
mature follicles also. Similar cases have been reported also by RaBi (1899) 
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S7TRASSMANN (1904), (1921), Watuart (1932), ete. Bumm 
(1914) describes a mother who died of haemorrhage and who had two or, 
less frequently, three ova in almost every follicle. Finally, polynuclear ova 
have been found to occur (RABL 1899, WaALLART 1932, ete.), although it is 
generally considered improbable that these have any importance in the etio- 
logy of twinning (KLEIN 1927, WaGner 1927, KorkHavs 1927, ete.). 

Some researchers (DAVENPORT 1920, WaALLART 1932) are of the opinion 
that polyovulation is much more general than the development of multiple 
pregnancies suggests and that in many cases one of the ova dies. In LENz,s 
(1923) opinion polyovulation is not the principal cause of multiple preg- 
nancies. After the fertilization of an ovum substances generally develop 
in the uterns that inhibit the fertilization of further ova. A herediiary 
weakness tor developing such substances, on both the paternal and the ma- 
ternal side, would promote the incidence ot multiple pregnancies. DAISER 
(1939) believes that binovular and polyovular multiples in many eases 
develop from a single follicle containing several ova. But they might 
originate also from the fertilization of a single mature ovum which has pre- 
viously divided into several parts capable of fertilization. 

Although it is considered a rule that polvovular multiple pregnan- 
cies result from polvovulation and the simultaneous fertilization of 
the ova, superfeeundation and superfetation have also been much 
diseussed. By the former is meant the fertilization of several ova at 
different times during one and the same ovulation period. The latter 
again means fertilization at different times of ova deriving from two 
ovulation periods. In both eases it is possible for twins to have 
different fathers, a problem whose solution might be juridically im- 
portant in certain cases. Human superfeeundation is considered 
possible by many researchers, and such cases have been reported e.g. 
by Geyer (1940) and Newman (1942). Regarding superfetation, 
however, the attitude taken is generally negative, although some re- 
searchers such as KEHRER (1951) believe that superfetation may oceur 
sometimes, particularly in uterus duplex. However, no valid evidence 
exists of superfetation in the human being. 

The etiology of uniovular twinning has been the subject of still 
more numerous investigations than that of binovular twinning, and 
various opinions have prevailed on this point in the course of time. 


For instance, Rumpe (1891) considered uniovular twins simply as some 
sort of monster. Slightly later, with use being made of comparative develop- 
nental history, investigations were carried out into the fertilization process 
lower animals. Soporra (1901) advanced a hypothesis based on his animal 


e\periments, claiming that the cause of uniovular twinning was double 


bryonic anlage of the blastula. In 1914 Sorovra supplemented his hypo- 
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thesis as a result of his additional investigations and the observations mide 
by Parrerson and NewMAwN (1913) with the ninebanded armadillo (Dasypus 
novemeinctus). PATTERSON found that the egg of the Dasypus — which regul- 
arly gives birth to uniovular quadruplets — passes through a "period ot 
quiescence” of some 3 weeks immediately after fertilization. Only after this 
period of quiescence does the embryo undergo two twinning divisions. The 
first result is one pair of twins; then both divide again forming double 
twins, i.e. quadruplets. From this NEwMAN (1923) worked out a theory 
according to which the temporary retardation of development accounts ior 
polyembryvony. During the retardation two or four organizing centres are 
formed instead of just one, and each of them develops into a complete 
individual. NEWMAN aseribes this retardation to hypofunction or dys- 
function of the corpus luteum, leading to a postponement of the implanta- 
tion of the fertilized ovum in the uterine mucosa. Roughly at the same time 
SrockKarp (1921) advanced a similar hypothesis based on his studies of the 
ovular development of certain fish. They revealed a corresponding retarda- 
tion of development, particularly as a result of a lack of oxygen. He applied 
the same theory to man, quoting as an example a case of binovular triplets 
in Which the ovum containing two embryos was not as well attached to the 
uterine mucosa as the second ovum. Arey (1923) and Hinricus & GENTUER 
(1931), among others, have supported the NEWMAN—StTock Arp hypothesis. 

According to DAHLBERG (1926) there is no evidence to show that the exter- 
nal conditions in which the lower animals develop double formations apply 
to man. The physiological hypotheses, especially when they try to explain 
twinning by abnormalities in the conditions of the fertilized egg in the 
uterus, are not therefore very probable. DAimLBeRG believes that twin preg- 
naney arises from the hereditary tendency to duplication which sometinies 
manifests itself prior to the reduction division that results in dizygotic twin 
pregnancy, sometimes after the reduction division resulting in monozygotic 
twin pregnancy. 

Curtius (1927) also assumes that the etiologies of monovular and bin- 
ovular twin pregnancy are often closely connected and originate in one and 
the same hereditary factor. This factor assumes the form of a *Spaltungs- 
faktor” on the paternal side and a “Spaltbarkeitsfaktor” on the maternal 
side, and the co-existence of both is required tor twinning. The date of 
fertilization decides the type of the twins born. 

vy. Versenver (1927, 1932, 1934) has published several papers on 
twinning, principally trom the heredobiologic and anthropological point 01 
view. In his hypothesis binovular twins may develop, apart from throug! 
polyovulation, also if two spermatozoa fertilize one ovum and its second 
polar body. One-egg twins again develop through division of the embryonic 
anlage, and the date of the division determines whether separate embryon'¢ 
membranes develop for each embryo or a common one tor both. 

According to DaArser (1939) double monsters and one-egg twins develo) 
from the division of the spermatovum, and both the ovum and the sper 


may be responsible. 
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('rew (1947) assumes that if a considerable retardation occurs in the pro- 
cesses of ontogeny for some reason, innate or environmental, the embryo 
undergoes a dichotomy at a very early stage and forms two separate em- 
bryos. If this twinning division occurs at a very early stage of development 
of the original embryo both twin individuals will be complete, but if it occurs 
considerably later the separation may remain incomplete and the result will 
be the birth of conjoined, Siamese twins. 


Triplets, quadruplets and quintuplets can, as has already been 
mentioned, be considered different variations of one-ege and two-ege 


twins, Or super-twins, according to NEWMAN. 


Triplets may be of 3 different types: 


Monovular triplets. 
2. Binovular triplets, consisting of a pair of one-ege twins and a 


singleton. 


Triovular triplets, each child developing from a separate ovum. 


According to Curtivs’s (1927) hypothesis **binovular’’ triplets 
might develop from a single ovum fertilized before the last reduction 
division, and after the maturity division the second polar body is 
fertilized by yet another spermatozoon containing the splitting factor. 
This part zygote then produces two genotypically identical individuals 
in addition to the separate individual already ’’formed**, — *’Triovu- 
lar” triplets might even develop from two ova: one ovum first pro- 
duces *’binovular’’ twins through the fertilization of the second polar 
body and the second ovum develops into a sibling. 


Quadruplets are theoretically of five different types: 


1. Monovular quadruplets. 
2 and 3. Binovular quadruplets. 
(a) Monovular triplets and a sibling. 
(b) Two sets of monovular twins. 
+. Triovular quadruplets, with one set of monovular twins and two 


siblings. 


(QQuadriovular quadruplets. 


NEWMAN and GARDNER (1942) consider a binoyular type of 
quadruplets with two sets of monovular twins as highly improbable 
for the following reasons: 
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If monovular twinning is hereditary on one side it seems very im- 
probable, since the genetic basis for monovular twinning must be 
complicated, that two simultaneously ovulated zygotes would both 
assume the combination of genes required for monovular twinning. 
If, on the other hand, monovular twinning were a result of environ- 
mental influences, cither retarded plaecentation or underactivation 
by defective sperm, it seems improbable that two genetically different 
zygotes would be subjected simultaneously and equally intensively to 
an influence resulting in two pairs of monovular twins, both pairs 
capable of normal development. 

Curtius has applied his hypothesis to the genesis of quadruplets 
also. For instance, “‘triovular’’ quadruplets might develop with one 
ovum producing “‘binovular’’ triplets as deseribed above and thy 
other developing into a sibling. The result would be two identical, « 
third almost identical and a fourth completely different individual. 


With quintuplets seven different types enter into question: 


— 


Monovular quintuplets 
2 and 3. Binovular quintuplets. 
(a) Monovular quadruplets, and a sibling 
(b) Monovular triplets and monovular twins 
4 and 5. Triovular quintuplets 
(a) Monovular triplets plus binovular twins 
(b) Two sets of monovular twins plus a sibling 
6. Quadriovular quintuplets consisting of a pair of monovular twits 
and a set of triovular triplets 


~] 


Quintovular quintuplets. 


Sextuplets might develop from 1—6 ova and represent ten different 
types. 

Crew (1947) reports extensively on the development of different 
multiples, and has worked out the following diagrams to illustrate 
the mechanism of development of triplets, quadruplets and quinti- 


plets: 
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he type of after-birth, above all the embryonic membranes, was 
formerly considered the only reliable criterion for distinguishing 
monovular and binovular twins. It was believed that monovular 
twins always had a common chorion but usually separate amnions 
(AHLFELD 1875). Binovular twins again were believed to have, both 
separate chorions and separate amnions. The placental type was not 
considered decisive as several separate placentas may later grow 
together. 

Lenz (1924) was the first to express doubt on the unfailing 
accuracy of diagnoses based on embryonic membranes. SIEMENS 
(1925), on the basis of extensive twin investigations, found that the 
membrane finding and a later polysymptomatic diagnosis often differ. 
Many researchers (SIEMENS 1925, v. VERSCHUER 1925, CurTIUS 1930, 
LASSEN 1931, Steiner 1935, Duis 1939, Mackuin 1950, ete.) consider 
it certain that monovular dichorioni¢c twins exist. In addition, e.g. 
Lenz (1924) and v. Verscuurr (1925) have found eases in whieh 
evident binovular twins had a single chorion. 

Definite monovular triplets have also been found to have two 
chorions (Komar and Fukvoka 1981, SANbERS 1932, Sonrac and 
Newson 1933). Sremer (1935), in addition, observed in two eases of 
binovular triplets 3 chorions and in a case of monovular triplets also 
3 chorions, 

SIEMENS (1925 and 1927) was the first to work out an anthro- 
pologico-dermatological method by which the concordance and dis- 
similarities of the numerous hereditary physical and mental character- 
istics of each pair of twins can be compared. Monovular twins, always 
same-sexed like the other monovular multiples since the sex is deter- 
mined at the time of fertilization, reveal the greatest similarity in all 
the most important traits. Binovular or polyovular multiples, who may 
be of the same sex or of mixed sexes, differ in these traits just as 
much as their sisters and brothers. SteMENS considers his method 
reliable, particularly with older children. RoHLrs (1928) has worked 
out another method based on SteMeNs’s formula and better suited for 
the newborn. 

The similarity method has been developed further by numerous 
researchers, constantly being extended with new criteria such as blood 
group tests (Scuirr and v. VERSCHUER 1933, ete.), dermatoglyphies 
ete. Although KLEIN (1927), OreEL (1927) and WaGNER (1927) insist 
on the reability of embryonic membrane diagnosis at least from the 
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obstetrician’s point of view, it is generally recognized (Curtivs 1830, 


LASSEN 1931, Sterner 1935, Essen-MOLLER 1938, Duis 19389, 
1942, Crew 1947) that it is not decisive and that the similarity diag- 
nosis is the’ one of greatest importance. According to Newnay, 
however, this does not always hold good with the newborn or very 
young infants as their characteristics are insufficiently defined at 
this age. 

ASCHAN (1953) is of the opinion that the similarity diagnosis is of 
so little value with the newborn that the obstetrician cannot use it, 
leaving the comparison of embryonic membranes the only possible 
means of distinguishing between twins. For this reason the obstetri- 


cian should not use the terms **monovular’*’ and “‘binovular’* twins 


but mono-chorionie and di-chorionic twins. 


oh 
fa 
th 
in 
ru 
al 
WI 
Va 
(fi 
dj 
fi 
in 


ll. Reasons for and Problems of the Investigation 


The problem of multiple births and multiples, apart from being 
obstetric and heredobiologic, is also very largely pediatric. It is in 
fact closely related to the problem of prematures, which is one of 
the most central questions of pediatries today, and therefore of 
interest to pediatricians also. In Finland, moreover, hardly any 
investigations have been made into the subject of triplets and quad- 
ruplets. Only SormkKeLr (1928) reports on a few eases of triplets, 
and similarly SUHONEN (1933) and Parviainen (1945) describe some 
triplet births in addition to their twin materials. BACKMAN (1924) has 
written a short statistical publication on multiple births from. the 
race biology point of view. 

The purpose of the present work, therefore, is mainly to shed light 
on the following questions: 

- What is the frequency of triplets and quadruplets in Funland in 
general, how does it compare with other countries, and are there any 
differences in the frequency between the various parts of the country 
and between the urban and rural population? 

Is any hereditary mfluence observable? 

- Are the mother’s age and parity of any significance for the 
frequency of triplets and quadruplets? 

What are the sex distributions of triplet and quadruplet 
infants? 

What is the prenatal mortality of triplet and quadruplet 
infants? 

What is the mortality of triplets and quadruplets in the first 
your of life and how does the birth-weight affect this mortality? 

- What is the prognosis of the surviving infants, especially taking 
info account their mental development? 
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Ill. Material and Methods 


The present material includes all the 633 triplet births and 20 


quadruplet births in Finland in 1905—1952, and the corresponding 
triplet and quadruplet children. For earlier years the only data on 
multiple births in our country concerns the number of sueh births by 
ten-year periods, which puts research out of the question. 

The data on the year of birth of triplets and quadruplets and place 
of residence of the mothers were collected from the Central Statistica! 
Office on the basis of birth certificates issued by parish registries. 
Subsequently all the relevant parish registries and the central archives 
of the congregations from the territory ceded to the U.S.S.R. in 1944 
were sent a circular letter requesting the following information: 


1. Name, occupation, address and date of birth of the parents. 

2. Date of birth and sex of the triplets and quadruplets. 

3. Were the children concerned live-births or still-births, are they 
still alive and, if not, what was the date and cause of their death? 

4. Date of birth and sex of all other children in the family. 


In a large number of eases it proved very diffieult to obtain these 
data as the families had migrated from place to plaee, and in many 
eases cither one or both of the parents were dead and the family had 
dispersed. After repeated inquiries sent to various parish registrics 
the author succeeded, however, in obtaining the requested information 
for a total of 603 cases of triplets and 18 cases of quadruplets. Thus 
on only 30 eases of triplets and 2 cases of quadruplets was it impos- 
sible to obtain the necessary information: the names of the parents 
could not be ascertained cither because the parish registers had been 
destroved during the war or because some of the multiple births of 
earlier years, in which the infants were stillborn or died immediate!y 
after delivery, had evidently not been entered in the parish registers 


although reported to the Central Statistical Office. 
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nee in possession of these preliminary data the author sent out a 
questionnaire to the parents of triplets born in 1931—1952 and, in 
addition, to the parents of all triplets in which all three children had 
reached the age of 1 year. Data were requested on the place of birth, 
birth-weights, state of health and development of the children. A 
special effort was made to find out when the children had learned to 
walk and speak, when they had entered school, what schools they had 
passed through, whether they had always advanced regularly from 
class to e¢lass, their sehool-leaving certificate average, and their 
present occupation. The last item of the questionnaire asked whether 
multiple births had oceurred in the maternal or paternal side of the 
family. 

In a number of cases an inquiry was submitted to the public health 
nurse, midwife or school teacher; a few were investigated by the 
author personally; in some cases the information was obtained from 
the attending physician. Finally, the birth-weights given were checked 
in every ease in which the infants had been born in maternity hospi- 
tals by a direct inquiry to the hospital coneerned. 

In the mathematical treatment of the material the following sta- 
tistical criteria have been emploved (RiraLa 1935, CRAMER 1949): 


The relative incidence of a phenomenon present in m of the n possible 
cases is ~. This figure is the approximate value of p, the mostly unknown 
probability of occurrence of the phenomenon concerned: " =p. The relia- 
bility of this approximate value is illustrated by the dispersion, s, computed 


from the formula 


The probability of occurrence of the phenomenon studied, p, falls with 
an average probability of 95 % on the interval s + 2s, and with a pro- 
hability of 99.7 % on the interval - + 3s. 

The result is presented in the form - = S. 

In comparing the probabilities of occurrence of two phenomena for which 


the following values have been obtained from observations: 
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the difference between the relative probabilities of occurrence of these 
phenomena. has been calculated trom 


and its dispersion 


The result obtained tor the difference between the occurrence probabilities 


of the phenomena studied will then be 


phenomena are different with 


s., Which means that the 


probability of 95 % if the interval 


+ 2s does not inelude zero, and with a probability of 99.7 % if the 


interval 


does not inelude zero. 
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I\. Frequency of Triplet and Quadruplet Births and 
of Multiple Births in General 


Fantastic stories have been in circulation earlier claiming the birth 
of 10, and even of 35, children to one woman at the same time. Such 
stories must be regarded as completely false. NewMAN (1948) mentions 
L Hewspaper report of the birth of oetuplets, all alive at the age of 
oue month, in Ohio in 1872. He considers the report very unreliable 
for laek of more definite data. BarrurtrH (1895) and VoLKMANN 
1899) report as evidence of a kind of the existence of septuplets a 
memorial stone in the wall of a house in the town called Hameln am 
Weser; the stone portrays Christ on the cross and a man and woman 
on their knees at its foot, with seven babies wrapped in swaddling- 
bands. Aeeording to the inseription under the picture the woman, in 
1600, had given birth simultaneously to 7 children who died later. 

Although it is unknown whether seven or eight babies have ever 
been observed in a single human pregnaney the birth of sextuplets 
does seem certain. Medical literature contains reports on a total of 
such cases, only of them reliable (Vassaur 1893, Vorriscu 1903, 
NewMAn 1948). A set of these sextuplets, alleged to be born in 
Chicago in 1866, is claimed to have lived to the age of 8 months, 4 of 
them to maturity. 

(Juintuplets are also comparatively rare. The first more extensive 
investigation into quintuplets was that of NiHorr (1904) who 
colleeted from the literature all the cases of quintuplets over a period 
of some 200 vears. He found 28 cases and at the same time reported 
a case of his own. Mag ArtHtr and Forp (1937) again went through 
the literature and found a total of 60 published cases of quintuplets. 
However, 45 only were described in detail and authentic. The present 
author has sinee found from the literature the following 11 cases: 
Forp and Cartso 1938, 2 eases, Rav, AtyaR and MatrHew 1940, 
Kerrren 1941, and Dr La Veca 1941, Camargo 1941, 
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Bervutt 1944, Do Amarau 1944, 1 ease each, and LAWRENCE and 
Pau 1951, 3 eases. Hence the total to date of published eases of 
quintuplets is 71, 56 authenti¢ cases. 

The authentic cases of quintuplets are distributed between the 
various countries as follows: Great Britain 9, Germany and the U.s.A. 
8 each, Italy 4, Brazil, Canada, Holland, India, Ireland, Japan, the 
Soviet Union and Switzerland 2 each, and Argentina, Belgium, Cuba, 
France, Greece, Hungary, Poland and Portugal 1 case each (in 3 
cases the country was not mentioned). Of course there are births of 
quintuplets that have not been published, but in any case quintuplets 
appear so rarely everywhere that no proper frequency can be deter- 
mined for them. Theoretically, however, the frequency may be set at 
approx. 1: 54,000,000 — 1: 57,000,000 births (Daror 1940, Newman 
1942). 

The fullest data exist on the frequency of other multiple births, 
above all of twin births, based on larger and smaller statistics. 
HELLIN, as early as 1895, using some South-German statisties, found 
that the various multiple births of a certain country have a definite 
mutual correlation. If we assume a twin birth per 80 births, i.e. a 
frequeney of 1 : 80, the frequency for triplets is 1 : 80° (1 : 6,400) and 
quadruplets 1: 80° (1 : 512,000). This hypothesis. known as HELLIN’s 
law, has been widely discussed but in general is considered, broadly 
speaking at least, to hold good. ZrELENy (1921) suggests that the 
formula be modified so that if the twin frequency of a certain country 
is taken at I:n, the triplet frequeney will be 1:n? and quadruplet 
frequeney 1:n*. This probably is a better caleulation method because 
of the variations in twin frequency. 

The first comprehensive statistics of multiple births was published 
by Verr (1855) in Prussia. He found that approximately 13,360,000 
births ineluded a twin rate of 1 : 89, triplet rate of 1 : 7,910 and quad- 
ruplet rate of 1: 371,126. Subsequently innumerable statisties have 
been published on the frequency and mutual ratios of multiple births. 
For instance, NrEEFE (1877) obtained the following ratios from 
approx. 50,000,000 births: twins 1 : 82.7, triplets 1 : 6,400, quadruplets 
1 : 560,000; Guzzont’s (1889) figures, based on an equal number of 
births, were: 1: 87, 1: 7,103, and 1 : 757,000, respectively. Prrnzinc 
(1906), studying 63,000,000 births, arrived at roughly coneurring 
results: twins 1 : 85.6, triplets 1 : 6,860, quadruplets 1 : 778,690. 

Comparative studies of the frequencies of multiple births in various 
countries have also been earried out long ago. E.g. Prinzina (1907) 
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and WEINBERG (1909) each worked out a table of the multiple births 
in European countries at the turn of the century and arrived at 
approximately the same results. The twin frequency was highest in 
Sweden with 14.9 pro mille, then came Finland with 14.7 pro mille, 
and Franee had the lowest with 10.8 pro mille. The highest triplet 
frequency (according to Prinzine), 0.20 pro mille, was shown by 
Finland, followed by Sweden with 0.17 pro mille; the lowest was in 
France, 0.10 pro mille. The values were high in all the Northern 
Countries, decreasing southward. — According to PATELLANT (1921) 
the ratio of multiple births in the whole of Italy was 11.8 pro mille, 
or 1: 84, but in Venice it was 15.3 pro mille or 1 : 64 and in Calabria 
8.1 pro mille or 1: 123; hence the difference between the northern 
and southern part of the country was great. 

The most comprehensive and probably the most reliable study 
of the twin and triplet frequencies of the different countries from a 
later period was published by Grevuiicw (1930). He worked out sta- 
tistics from over 120,000,000 births in 21 countries by submitting 
inquiries to the relevant statistical offices. The results obtained by 


him are as follows: 


Twins Triplets 
Country 
Pro mille Ratio Pro mille Ratio 

14.6 1 : 68.2 0.137 1 = 
14.4 1 : 69.0 0.158 1:79.52 | 
The Netherlands ... 13.4 0.13] 1 
13.4 1 : 74.4 0.158 
Germany 12.5 1: 79.4 0.129 
12.3 1 : 80.6 (0.100 1: 99.9? 
Canaan 1 : 80.8 0.135 36:07 
1 : 86.5 0.121 1 : 90.8 2 
1 : 88.3 0.109 1 : 95.4 ? 
New Zealand ...... 13 1: 88.1 0.076 1 : 114.5? 
11.3 1: 88.4 0.083 2109-7 * 
1 : 89.8 0.107 L965 
10.7 1 930 0.091 1 : 104.5? 
ate 6.8 1 : 146.0 0.069 12032 
4.0 1 : 245.9 0.062 1 21262" 
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In addition to the countries listed by GreuLicu, data have bevn 
presented on the following: according to PareLLant (1922) and 
LANZARA (1924) the frequency of multiple births in Russia was 11.8 
pro mille; HArett (1925) gives the ratio for twins in Switzerland as 
1: 81.1, for triplets 1: 8,572.5, and quadruplets 1 : 550,786; Dait- 
BERG (1926) made the twin frequency in Finland 14.2 pro mille or 
1: 70.4. Hexcken (1937) believes that there are plenty of twins in 
Chile, 1:47, but very few triplets, 1 : 14,118. However, he himself 
finds the given frequency of twins too high but emphasizes the fact 
that multiple births are numerous in Chile. 

According to Das (19384) Europeans and Eurasians in Calcutta 
showed a multiple-birth rate of 1:95, Indians 1:59, a very high 
value. —- Newman (1942) reports low twin rates for Pueblo Indians 
(6.4 pro mille) and still lower for Formosa (3.4 pro mille), the Chin: se 
of San Francisco (3.0 pro mille), and the Annamese of Cochin China 
(0.1 pro mille). 

Komar and Fuxvoxa (1933) found very few multiple births in 
Japan. Over 17 million births ineluded an average of 3.3 pro mille 
twins, ie. 1: 306.8, and 0.024 pro mille triplets, ic. 1 : 42,466. The 
authors suspect that the figures are slightly too low and attach more 
weight to the figures reported by the midwives of the town of Osaka, 
viz. twins 6.7 pro mille, 1: 174.1, and triplets 0.029 pro mille, 
1 : 34,373.2. The low values are attributed by the authors to the few 
binovular and polyovular multiple births; monovular multiple births 
are as frequent as elsewhere. 

The freshest. statistics from the U.S.A. are those published by 
NicHous in 1952. He found, for 1915-1948, among 72,283,340 birtlis 
® total of 11.2 pro mille multiple births in which at least 1 baby was 


born alive. Their distribution was as follows: 


quintuplets 2 


In 19441948 the frequency of multiple births was 10.4 pro milie 
or 1: 96 for the white population and 12.7 pro mille or 1: 79 for the 


eoloured. According to these statisties, and the statistics published hs 
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Him“rerr (1935), also from the U.S.A., coloured people seem to have 
a ligher rate of multiple pregnancies than white, but as many of the 
coloured people in the U.S.A. are of mixed blood this warrants no 
colclusions as to the negroes. NICOLLE (1935), who found a quadruplet 
birth with a woman of the pygmy race in the South Cameroons 
assumes that multiple births are less usual in Africa than in Europe. 
(;REULICH's statisties reveal, firstly, that the triplet and twin births 
of any one country have a certain mutual relationship as the countries 
with a high twin frequency generally also have a high number of 
triplets. For the statistics as a whole the twin ratio is 1 : 85.2, triplet 
ratio 1: 7,628.8 or 1: 87.87 and the quadruplet ratio, for a total of 
179 sets, 1 : 670,784, or 1: 87.5%. Thus the conformity with HELiin’s 
law is quite close. Secondly, the statistics of GREULICH and the other 
authors mentioned above reveal very great differences in the multiple 
birth frequencies of the different countries. The Northern Countries 
are at the head of the list, Cochin China, Formosa and Japan at the 
bottom. Of the European countries, the highest values are shown by 
the Northern Countries, the lowest by Greece, with the Central 


Kuropean countries in between. 


The eauses of the differences in the frequency of multiple births 
ive been widely discussed and variously interpreted. PurcH (1874) 
ascribes the differences in the number of multiple births to the gene- 
ral fertility of the country concerned. The more fertile the country 
the more numerous are the multiple births. In his opinion race, way 
of living and elimatie conditions have no. significance. Similar 
opinions have been advaneed by Sanirer (1901) and Hatunper. 
(1914), 

According to WEINBERG (1902) racial differences have a great 
influence, particularly on binovular twinning. Climatic factors, in his 
opinion are of no significanee. — PRrinzinG (1907) believes that the 
differenees in the frequeney of multiple births cannot arise solely 
from the fertility of the population and the number of parturients of 
different ages; the causes must be sought in racial differences also. 

While, according to v. (1934), climatic influences are 
significant and the effeet of race has not been shown with certainty, 
several researchers (DAHLBERG 1926, Komar and Fuxvoka 1933, Das 
1834, NewMan 1942, ete.) today hold the view that the frequeney of 
miltiple births depends on racial characteristi¢s. 
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The Nordic race seems to have a higher frequency of mult-ple 
births than the Alpine and Mediterranean races, the Germanic iace 
higher than the Latin. The high rate of multiple births in Northern 
Italy ean be attributed to the Germanic strain admixed in the po- 
pulation. With the Caucasian, or White, races this frequency, again, 
is higher than with the Yellow races, including the Red Indians. Little 
information is available on the frequency of multiple births among 
Negroes, although the current view is that it should be lower in the 


hot countries than elsewhere. 


In addition to the differences in the frequeney of multiple births 
between the different countries and the different regions of one and 
the same country even, some researchers have found a similar 
difference also between urban and rural settlement. E.g. Nr&rre 
(1877), Wersperc (1902), Prinzinc (1906) and Bonnevie (1919) 
found a higher rate of multiple births in rural areas than in towns. 
It has not been possible to account for this phenomenon with any 
certainty. WEINBERG thinks that it might be connected with the higher 
fertility of the rural population and that the urban way of living 
might have a detrimental effect on the ovaries. BONNEVIE, again, 
suggests that the extensive inbreeding in the rural districts may be a 
causative factor, resulting in an more pronounced emergence of reces- 
sive inherited characters. 

In Finland the variations in the frequeney of multiple births have 
been studied only by BackMan (1924). He determined this frequency 
for 1891—1920 in 28 Swedish-speaking and 40 Finnish-speaking 
communes of the County of Vaasa and found that the frequency of 
multiple births was identical in both language groups. He _ also 
compared the general frequencies of multiple births in the various 
counties over a period of 30 years and found it to be highest, 16.4 
pro mille, in the County of Mikkeli, and lowest, 13.9 pro mille, in the 
County of Oulu. However, he finds the observation period too short 
to permit conclusive deductions. 


Present Investigations 


In order to obtain a clearer view of the frequency of multiple births 
in Finland the relevant data have been ascertained from the general 
vital statisties since 1881, i.e. over a period of 72 years (Table 1). 
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‘Yo begin with, it ean be seen that the frequency of all multiple 
births is high in this country. The average values are: for twins 
14.53 + 0.05 pro mille, 1:69; for triplets 0.170 + 0.005 pro mille, 
1: 5,929 = 1: 77°; for quadruplets 0.004 + 0.001 pro mille (0.37 + 
O08 12 STA = 1: 

As regards the mutual proportion of various multiple births, triplets 
as compared with twins are slightly fewer than He.uin’s law would 
lead us to expect, but quadruplets conform roughly. 

Secondly, very significant periodical variations are discernible in 
the twin frequency. In 1881—.J890 it was 14.35 + 0.13 pro mille, 
by 1901—1910 it had dropped to 13.95 + 0.12 pro mille, and it then 
continued to rise again to 15.29 #: 0.28 pro mille in 1951—1952. 


The frequency of triplets also varies considerably, viz. between the 
values 0.201 + 0.016 pro mille and 0.139 + 0.013 pro mille. It drops 
from its maximum until 1920—1930, when it reaches its minimum, but 
subsequently shows no definite changes. 


The numbers of quadruplets are so low, only 1—6 eases per 10-year 
period, that no conclusions can be drawn as to the variations in 
frequeney. 

Multiple births with a higher degree of polytocy, like quintuplet 
births, have not been reported in Finnish vital statistics. 


Kor the sake of comparison, data on the Swedish frequencies of 
multiple births in 1881—1940 are quoted here (Table 2), based on 
’Statistisk Arsbok 1950’’. 


The table shows that the frequencies of multiple births in Sweden 
in 1881—1940 were as follows: twins 14.37 + 0.04 pro mille, triplets 
0.157 + 0.005 pro mille, quadruplets 0.20 + 0.05 °/,.9,. A eompari- 
son of these values with the corresponding Finnish values: twins 
14.41 + 0.05 pro mille, triplets 0.174 + 0.006 pro mille, quadruplets 
0.39 + 0.09 °/,,, Shows that no essential difference obtains between 
the frequencies of twins and quadruplets while triplets seem to be 
slightly more numerous in Finland than in Sweden, the difference 
between the frequencies being 0.017 + 0.008. It can be said in fact 
that the frequencies of multiple births in the two countries broadly 
speaking agree. 


Periodic variations in twin and triplet frequencies in Finland and 
Sweden are illustrated by Figs. 1 and 2. 
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FIG. 1. Twin births in Finland and Sweden. 


It can be seen from the figures that a significant difference in the 
twin frequency exists only in the periods 1901—1919 and 1931 
1940, and in the triplet frequency only in 1931—1940. 

The present material proper of triplets and quadruplets only 
covers the periud 1905—1952 sinee, as pointed out above, no detailed 
information on multiple births, not even on the mother’s domicile, is 


available for the earlier years. 

The total of births during this period in Finland was 4,019,613, 
ineluding 633, i.e. 0.157 + 0.006 pro mille, triplet births. However, 
30 triplet births cannot be traced in the records. Disregarding these, 
the present material includes 603 sets of triplets, a frequency of 
0.150 + 0.006 pro mille, little different from the total frequency of 
the period. The triplets are distributed by different periods as follows: 
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FIG, 2. Triplet births in Finland and Sweden. 
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603 cases 


20 sets of quadruplets were born in 1905—1952. Aga 


sets of quadruplets are available for detailed study. 


in there are 
cases in which the place of residence could not be traced. Henee 18 


In order to find out whether the triplet frequency reveals any 


considerable differences in the various parts of the country the triplet 


births have been elassified by counties. The variations in frequeney 


are shown in Table 3. 
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TABLE 3. 


Triplet births by counties, 1905—1952. 


Triplet births 


County Total births 
Number Pro mille 

POM 552,351 75 0.136 + 0.016 | 
Ahvenanmaa (since 1919) 13,940 4 0.287 + 0.144 
429,328 64 0.149 + 0.019 
242,674 42 0.173 + 0.027 
Viipuri (up to 1944) ........ 585,830 86 0.147 + 0.016 | 
Kymi (since 1944) .......... 0.224 + 0.065 
621,964 96 0.154 + 0.016 
Lappi (since 1938) ......... 71,641 9 0.126 + 0.042 

4,019,613 603 0.150 + 0.006 


No essential difference obtains between the frequencies of triplet 
births in the different counties. 
A comparison of the triplet frequencies of the northern and south- 
ern parts and the eastern and western parts of the country gives the 


following values (Table 4). 


TABLE 4. 


Triplet births mn various parts of Finland in 1905—1952. 


Total births 


Triplet births 


Number Pro mille 

North Finland (counties of ; 

Oulu and Lappi) ......... 570,692 100 0.175 + 0.015 
South Finland (counties of 

Turku & Pori, Ahvenanmaa, 

Uusimaa, Kymi and Viipuri| 1,661,069 2334 0.140 + 0.009 
East Finland (counties of Ky- 

mi, Viipuri, Mikkeli and 

BONGO) 2,059,076 292 0.142 + 0.008 
West Finland (counties of 

Vaasa, Turku & Pori, Alive- 

nanmaa, Hime and Uusi- 
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As can be seen, there is no essential mutual differenee between 


these values either. 


A comparison of the frequencies of triplet births in rural and 


urban districts gives the following results (Table 5): 


TABLE 5. 


Triplet births in rural and urban areas in 1905—1952. 


Triplet births 
Place of recidence Total births 
Number Pro mile 
3,389,772 | 538 0.159 + 0.007 
4,019,613 | 603 0.150 + 0.006 


The rural areas thus have a definitely higher frequeney of triplet 
births than towns; the difference between the frequencies, 0.056 + 
).015 pro mille, is significant. 

Regarding quadruplets, the difference between the rural and urban 
districts is sharper; all the 18 sets of quadruplets were born in the 
countryside. 

The high proportion of triplets and quadruplets from the rural 
districts suggests that the principal occupation of the parents is 
agriculture. For 426 parents. approx. 68 per cent out of a total of 
621 cases, in faet it is; they inelude 307 farmers and small-farmers 
and 119 agricultural workers. The other occupations represented, on 
the other hand, are followed by relatively few parents. The social 
conditions in many families, particularly those living in the rural 
distriets, are rather unsatisfactory. 
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A comparison of the triplet frequencics of married and unmarricd 
mothers gives the following results (Table 6): 


TABLE 6. 


Triplet births by the marital status of mother. 


Triplet births 
Marital status of mother Total births — 
Number Pro mille 
3,422,005 573 0.154 + 0.006 
| 4,019,613 603 0.150 + 0,006 


Married mothers show a triplet frequency of 0.154 + 0.006 pro 
mille, unmarried 0.101 + 0.018 pro mille. The former thus have a 
higher frequency of triplet births than the latter; the difference, 
0.053 + 0.020 pro mille, is almost significant. 
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V. Heredity 


The part played by hereditary factors in the etiology of multiple 
pregnancies has aroused considerable controversy. 

({OKHLERT, as carly as 1879, considered the tendency to multiple 
pregnaney to be hereditary; in his opinion the trait may descend 
equally well from the maternal or the paternal side. 

According to WrINBERG (1902), however, inheritance is possible 
from the maternal side only. In Stuttgart and Wurtemburg he made 
comprehensive investigations into the frequency of multiple births in 
the families of mothers of twins and found that the twin frequency of 
the mother’s relations exceeded the general twin frequeney by 60 per 
cent. He did not study the paternal side of the family at all but draws 
the conclusion that the father plays no part in inheritance. This high 
frequeney of multiple births in the maternal family was observable in 
the mothers of binovular twins only; henee he agrees with Rumpr 
(1891) in assuming that monovular twinning is not hereditary. In 
addition, WrinBerG (1909) assumes that the inheritance is recessive 
in character. 

WEINBERG also investigated the occurrence of recurrent multiple 
births among 1937 mothers of twins, 356 mothers of triplets and 21 
mothers of quadruplets. He took into account all other deliveries by 
these mothers and determined the frequeney of multiple births among 
them. For the localities concerned this frequeney was 1 : 92, for the 
mothers of twins 1: 39, for the mothers of triplets 1: 18 and for the 
mothers of quadruplets 1:13. According to this, multiple births are 
twice as frequent with the mothers of twins and 4 times as frequent 
with the mothers of triplets as in general. With quadruplets’ mothers 
the frequeney in 21 cases was approx. 7 times as high as the general 
fr-queney but the statistics are too small to permit of conclusions. 
Finally WEINBERG also determined the frequency of repeated twinning 


separately for the mothers of one-ege and two-ege twins. For the 
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former it was 1: 85 or approximately equal to the general frequency, 


for the latter 1: 30 or approx. three times the general twin frequency, 


The still higher frequeney of recurrent multiple births amone the 


mothers of triplets, according to WerrsBerc, is due to the fact that the 
majority of triplets are polyovular. 

STRASSMANN (1904), Prinazixnc (1906), Scuaprro (1912) 
Fepertey (1931) emphasize the importance of heredity in multiple 
births but do not analyse it in any greater detail. Inheritance from 
the maternal side is) considered a certain phenomenon by 
(1913) and by Bonnevie (1919). The latter studied the pedigree of 
an extensive Norwegian peasant family and in some branches of thi 
family found 7.7 per cent twins, She shares WEINBERG’s opinion. tliat 
heredity is observable with two-ege twins only, that the inheritance is 
recessive and that it cannot be handed down through the father. 

Evidence against WEINBERG ’s opinion that the father plays no part 
in the heredity of multiple births has been presented e.g. by MiraBeat 
(1894), Brarrsrrém (1914), Perper (1923), Herusrem and 
(1931), and Buscuke (1934). Davexrorr (1920) found that the 
sisters of twins’ mothers had &.2 per cent and the brothers of twits’ 
fathers 6.5 per cent twins when the general twin frequeney was 1.1 
per cent. He coneluded from this that the inheritance may derive 
equally well from the paternal or the maternal side and that it is 
observable with both one-egw and two-eeve twins. Curtrius (1927 
advanees identical opinions based on pedigree studies. 

DanrortH (1916). (1926). (1927), DAtser 
(1939) and Sixciam (1940) believe that binovular twit.ine is heredi- 
tary only through the mother whereas in the heredity of monovular 
twinning both father and mother play a part. 

FISHER (1928) made a speeitic study in Great Britain of the signi 
fieance of heredity with triplets. In 100 triplet families he found a 
twin frequeney, on both the maternal and paternal sides, definite! 
higher than the general frequeney for the whole country. He assumes 
that the influence of the father manifests itself only in the genesis of 
diembryony whereas the influenee of the mother is felt in’ both 
dizygotism and diembryvony. According to this dizygotism 
possibly be less hereditary than diembryony. In these 100 triplet far 
lies Fisher also found a high frequeney of recurrent multiple birtiis 
The 493 other births in these families included 14 pairs of twins and 


4 sets of triplets. The frequeney of the multiple births, henee, was 
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approx. 4.5 per cent against a general frequency of slightly over 
I per cent only. Bremout (1937) also supports the theory of the 
heredity of both monovular and polyovular multiple pregnancy; he 
reports a case in which one mother had two sets of triplets by 
different fathers. 

Sassk (1926), again, found that in 82 cases of monovular triplets 
there Was not a single instance of other multiple births in the family. 
This bears out WEINBERG ’s Opinion that the high frequency of multiple 
births in triplet families is due to polyovular triplets. 

Mitten (1941), in 86 cases of quadruplet births, reported 21 
instances (58.3 per cent) of multiple births in the mother’s family, 
) instanees in’ both the mother’s and the father’s family and 3 
instanees in only the father’s family. 

NUHOFE (1904) points out the great importance of heredity in 
quintuplet births. But according to Mae ArtrHurR (1938) there are 
very. few multiple births in the families of parents of monovular 


quintuplets compared with those of polyvovular quintuplets. 


Present Material 


The present material contains information on multiple births in the 
families of the parents of 365 sets of triplets and 10 sets of quad- 
ruplets. 


With the triplets’? families the multiple births were as follows: 


a. in the mother’s family (or 
when the mother was one of 
of twins) 130 instances or 39.6 2.5 per cent: 


1. mother one of a pair of 


quadruplets 


in the father’s family (or 
when the father was one of 


TWANS) 70 instances or 19.2 2.1 percent: 
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1. father one of a pair of 


13 
e. in both the mother’s and 
father’s TAMMY. 62 instances or 17.0 + 2.0 per cert: 
2 


the sisters and brothers. of 
triplets had twins in ...... 12 instances or 3.8 + 0.9 per cent 


274 instances or 75.1 - 2.3 per eent 


Thus multiple births in the parental families occur in 75.1 + 2.3 
per cent of the eases of triplets; in only 91 cases or 24.9 + 2.3 per 
cent are they not known to have occurred at least among close 
relatives. 

With quadruplets there are in the mother’s family three instances 
of twins and one instance of both twins and triplets. In three eases, 
again, there are twins in both the maternal and paternal familics; 
onee the father himself is one of a pair of twins. Only in 3 eases out 
of 10 are multiple births not known to have occurred in the families. 

As no information is available on the total of all births among the 
relations the frequency of multiple births eannot be determined for 
them. In any ease, multiple births oceur in such high numbers in the 
parental families of the triplets and quadruplets that the existence 
of a hereditary tendency seems probable. It is observed that multip!e 
births occur both in the maternal and paternal families, though more 
often in the maternal; henee the hereditary factor seems to derive 
from both sides. 

In addition, the frequency of multiple births has been determined 
for the families with triplets and quadruplets in whieh recurrent 
multiple births oceur. 

In S88 cases of triplets there was a total of 105 other multiple births. 
97 twin births and § triplet births. Their distribution was as follows: 


a second set of triplets ............ . 


twins and a second set of triplets .... 2 
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As the total of other births in these families is 527 the twin frequency 
is 18.40 + 1.7 per cent and the frequency of all multiple births 
19.9 + 1.7 per cent. Triplets are particularly numerous, but this may 
be a eoineidence. As the twin frequency for the whole country (in 
1881—1952) is 1.453 + 0.005 per cent and the total frequency of 
multiple births 1.470 + 0.005 per cent, both the twin frequency and 
the frequeney of all multiple births in these families is approx. 
10 times as high as might be expected. This also seems to indicate that 
a tendeney to recurrent multiple births is inherent in certain families. 

An interesting fact worth mentioning is that in the present material 
five triplet girls themselves have given birth to a pair of twins each. 
In all these eases there are twins among the close relations, viz. 3 times 
in the maternal family, onee in the paternal family and onee in both 
families. 

Other multiple births are recorded for 5 out of the 18 eases of 
quadruplets. There are 4 instances of a pair of twins and one instance 
of two pairs of twins, hence a total of 6 pairs of twins. Of the 
surviving quadruplet children only 4 have reached adulthood. None 
of them have twins but a quadruplet girl of 34 years has 9 children. 
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VI. The Effect of Maternal Age and Parity on 
Triplet and Quadruplet Frequency 


a. Age 


Whether the mother’s age affeets the incidence of multipl 


pregnancies is a question that has aroused great interest. The main 


attention, however, has been focussed on the relationship between tlic 


mother’s age and twinning. GOEHLERT (1879) found that the average 
age of twins’ mothers was considerably higher than that of tli 
parturients in general, viz. 35.5 vears. Other researchers have obtained 
lower values. According to DuNcAN (1866), STRASSMANN (1904) and 
KAWENOKY (1909), for example, mothers aged 25—29 had the most 
twins. Later on numerous investigations into the mothers” optima! 
age, both for monovular and binovular twins, have been published. 
The general opinion is (WEINBERG 1902, STRASSMANN 1904, PRINZING 
1907, Boxxevir 1919, 1924, DAH LBERG 1926, GREULICH 
1934, Datser 1939, and SHEERAR 1940, ete.) that thy 
frequency of two-egg twins rises with the mother’s age but that the 
frequency of one-egg twins is almost constant for each materi: 
group. — According to CzvBer (1923) the frequeney of multipl 
births, not the twin frequency, inereases with the mother’s age. 
reaching its maximum with mothers of approx. 38 vears. 

In Finland, Sunonen (1933) and Parvratnen (1945) have discussed 
the age of twin mothers, and AscHan (1953) has recently found, from 
a comprehensive twin material, that the average age of the mothers 
was 30.30 + 0.18 years. The average age of the mothers of monoelio- 
rionie twins was slightly lower (29.93 vears) than that of the mothers 
of dichorionie twins (30.53 years). The highest frequeney (2.11 por 
cent) was revealed by women of 31—35. The increasing effect of ave 


on the Trequeney was observed among the mothers of dichorioni¢ 


twins but not among those of monochorionic twins. 
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Information on the age of the mothers of triplets and quadruplets 

mostly based on fairly small materials. In general, however, it 
appears that the average age of the mothers rises with the degree of 
polvtoey. 

[i STRASSMANN's (1889) 12 cases of triplets the average age of the 
mothers was 33.7 years. MiraBeau (1894) was the first to discuss the 
ave of triplet mothers in greater detail. on the basis of 56° cases. 
According to him the average maternal age was 31.4 vears, and the 
highest triplet frequency came at the age of 30—34. Only 36.5 per 
cont of the mothers were under 30. Santrer (1901) collected the 
triplet cases, 380, from Berlin University Clinie in 1S77—1901. The 
mothers” age averaged 31.9 vears, and 18 or 60 per cent were over 
30. Hakunxpen (1914) found that the average age of triplet mothers 
at Breslau University Clinic, in 8 cases, was 25.6 years. 

Sasse (1926) collected from the literature a total of 82 cases of 
triplets that were considered monovular. The mother’s age was known 
in 17 of these eases and averaged 29.5 vears, the optimal age being 
2) 24 vears. The author considers this as evidence that the mothers 
of monovular triplets are younger than those of polyvovalar. 

The only more comprehensive statistics on the frequenex of triplets 
and the age of triplet mothers has been compiled by DAHLBERG (1926). 
He worked out a table of triplet births in Finland in 1s7s—1916 and 
classified them by the mother’s age, comparing them with all births 


nd with twin births in the corresponding age groups. 


‘iplet Births Finland 1878—1916, grouped after the Age of 
the Mother and related to Births and Twin Births. 
(DAHLBERG ) 


Age ot the Mother 


15—20| 20—25] 25 300 3535 40} 4045 


| 


Births (number 
| of mothers) 611,730 [846,731 [777,796 [595,620 [514,994 142,844 
| win births 519 5,386 | 10,243 | 12.566] 12,166] 5.327] 386 
Triplet births . 4 49 St} 172 2OQ S4 6 
Triplet births in 
thousandth 
Or Mirths 4.9 8.0 10.2 49.9 | 26.7 114.0 


Triplet births in 


of twin 


0.77 | 0.91 0.84 | 246 1.58 | 1.55 


| | | 


Ad 


The table shows that triplet births increase greatly with the 
mothers’s age. Computed pro mille of all births, the frequeney rises 
40 group, after 


from 0.05 in the 15—20 age group to 0.5 in the 35 
which it again begins to drop. Triplet births also inerease in 
eomparison with twin births; they amount to only 0.47 per cent of 
twins in the 15—20 age group but to 2.46 per cent in the 35—40 
group. 

Taking this table by DAHLBERG, JENKINS (1927) states that the triplet 
frequeney in each maternal age group seems to vary in the same wa, 
as the square of the twin frequeney at the same age and even that it 
exactly equals the square of the twin frequeney in the same ag: 
group. Accordingly, the total of triplet births (T) in all maternal ave 
groups will not equal the product of the square of the total twin 
frequency (P) and the total number of all births (N), as should be 
the case according to Henuin’s law, but it would equal the sum of 
separately defined numbers of triplet births in each maternal ag 
group, ie. T The total of triplet births in Finland 
computed according to the author’s formula comes very close to thi 
value actually observed and eloser than the value obtained by ealeu- 
lation according to HELLIN’s law. In smaller U.S. statisties the devi- 
ation was much ereater; the author attributes this to a higher intraute- 
rine mortality of triplets, but he cannot explain why the situation 
should be different in the U.S.A. from Finland. 


The statistics on the age of quadruplet mothers are still fewer and 
less comprehensive than those pertaining to triplets. 

Hatser (1913) has collected from the literature 20 cases of 
quadruplets, including 14 mothers (70 per cent) over 30. The opt: 
mal age for quadruplets was 380—39 years. Bratrrstrém (1914 
reports 39 cases, 19 from Sweden and 20 collected from the literature. 
In 27 cases the mother’s age exceeded 30 vears, and most quadruplets 
were born to mothers of 80—39. HAFELI (1925) reports 9 Swiss eases 
of quadruplets. and at the same time another 17 collected from t] 
literature. The average age of the Swiss quadruplets’ mothers was 


32.8, of those collected from the literature 32.1 vears; the optim: 


ages were 25—34 and 30—34 vears, respectively. 
MILLER’s (1941) statistics inelude 52 sets of quadruplets from t! 


U.S.A. and another 29 collected from the literature. In 66.6 per cer: 


of this total of 81 eases the mother’s age exceeded 30 vears. 
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Although all the quadruplet statistics are very small and in- 
complete it seems that a larger part of the mothers of quadruplets 
are over 30 years old and that the optimal age for bringing forth 
quadruplets is 30—39 years. 


The Age of Finnish Triplet and Quadruplet Mothers 


The average age of Finnish triplets’ mothers in the present 
material is 33.09 + 0.03 years. As the average age of all parturients 
in 1905—1952 is 30.26 + 0.003 vears (difference 2.83 + 0.03 years) 
the mothers of triplets are considerably older than parturients in 


veneral. 

It is not possible, however, to conclude from the average age of the 
mothers the commonest age for bringing forth triplets. For this reason 
the triplet mothers have been classified into 5-year age groups, and 
the number of parturients and the triplet frequency have been eal- 
culated separately for each group. 

The distribution of triplets’ mothers into the various age groups 
compared with all parturients is visible from Table 7. Triplets’ 
mothers are much more numerous than parturients in general in the 
older age groups. The greatest part, 30.4+1.9 per cent, of the 
triplets’ mothers is found among women of 35—39, the next in size, 
25,2 + 1.9 per cent, among women of 30—84, and the third, 19.6 + 
1.6 per cent, among women of 25—29. <A total of 68.3 + 1.9 per cent 
is over thirty. 

The parturients in general are most numerous, 27.297 + 0.022 


per cent, in the 25—29 age group, followed by the age groups 30—34 
with 22.711 + 0.021 per cent, 20—24 with 21.678 + 0.021 per cent 
and 35—39 with 16.3 + 0.018 per cent. The 35 
includes the maximal amount of triplet mothers, thus holds only 


39 age group, which 


fourth place among parturients in general. A total of only 47.97 + 
0.25 per eent of the parturients are over 30. 
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FIG. 3. Triplet births and all births, by age of the mother. 


Hetermination of the triplet frequency in the various age groups 
of the mothers in relation to all births during the same period, 1905— 
1952, gives the values in Table 8. They indicate distinctly how greatly 
the mother’s age in the present material affects the frequency of 
triplet births. The frequency was lowest among mothers under 20. 
viz. 0.033 + 0.016 pro mille, rising continuously with advancing age 
to its maximum of 0.279 + 0.021 pro mille in the 35—89 group. The 
second highest frequeney, 0.237 + 0.027 pro mille, is shown by women 
of 40—44. Mothers of 45—49 have few triplets but the figures are too 
small to permit of conclusions. The general triplet frequency in the 
present material is 0.150 + 0.006 pro mille; the frequeney with all 
mothers of 30—44 is higher than this, but much lower with mothers 
under 30, viz. 0.091 + 0.007 pro mille. Against this the triplet 
frequeney of mothers over 30 is 0.214 + 0.011 pro mille. Mothers of 
35 —39, who have the most triplets, show almost double the general 


frequeney. 
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FIG. 4. Frequency of triplet births, by age of the mother. 


For the sake of clarity the author has reproduced Figs. 3 and 4. 


These show distinetly the number of mothers of triplets in relation 
to all parturients at different ages and the corresponding triplet 
frequencies. 

The age classification of the 18 quadruplets’ mothers of the present 


material is as follows: 
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(he average age of the mothers is 32.5 years. The majority are 
30 —34, the fewest under 25. A total of 18 mothers (72.2 + 11 per 
eet) are over 30. 

Beeause of the paucity of cases no frequencies for the various age 
eyoups ean be determined. But the mothers in the present material 
are older on the average than the parturients in general, the majority 
of them over 30. 


b. Parity 


Together with the influenee of the mother’s age on the oceurrence 
of multiple pregnancies a study has been made of the signifieance of 
parity. The mother’s age and parity are so closely related to one 
another in fact that it is impossible in many cases to distinguish be- 
tween their significance. 

Duncan (1866) found that previous deliveries raise the twin 
frequency but he thought age to be a factor of greater importance. 
3ERTILLON (1898) held the contrary view, that previous deliveries 
were of greater importance for twin frequency than age. Many 
authors (WEINBERG 1902 and 1909, DAHLBERG 1926, GUTTMACHER 1937, 
YERUSHALMY and SHEERAR 1940, ete.) believe that previous deliveries 
tend to raise the twin frequency among the mothers of binovular 
twins, but not of monovular twins, and that it is impossible to decide 
which is the more important factor, age or parity. WEDERVANG (1924) 
attributes the greater importance to age. 

According to AscHAN (1953) twin frequency inereases up to vi- 
parity and then begins to drop. The highest’ frequeney, 2.5 per cent, 
was found among tertiparas. This rise in frequency was observable 
among mothers of dichorionie twins but hardly at all among mothers 
of monochorionie twins. In addition the results seem to indieate, the 
author believes, that age has a greater effect on frequency than parity 
among the mothers of dichorionie twins. 

The statistics dealing with the effect of parity on triplet frequeney 
are also generally small and incomplete, apart from) WEINBERG’S 

1909) Wurtemburg material of 429 triplet mothers. Various authors 


classify triplet mothers by parity groups as follows: 
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Although the number of cases of most of the above researchers 
is fairly small it does seem to indicate a low number of primiparas 
and a raised frequency of triplets among multiparas. WEINBERG ’s 
statistics include the highest number of vi-paras; according to thie 
other authors the mothers of triplets are most frequently ii-v-paras. 
No comparisons have been effected with the general number of 
parturients in the various parity groups, and henee no frequencics 
ean be given. MrraBeavu emphasized the relatively high age of the 
primiparas: 33 per cent over 30. 

SASSE’s statisties show a relatively higher number of primiparas 
than those of the other authors and he points out that the incidence 
of monovular triplets was possibly higher among primiparas althoug!. 
due to the limited size of the material, no conelusions can be drawn. 

Few statistical data are available in the literature on the parity of 
quadruplets’ mothers. According to Hauser (1913) quadruplets are 
most commonly born to mothers who have already had several (6 01 
more) deliveries. Over half of his 20 eases are such multiparas. 

BRATTSTROM's (1914) statistics included 4 primiparas, 21 ii-v-paras 
and 11 >. vi-paras, and in his opinion the quadruplet frequeney ‘s 
highest among ii-v-paras. 

Of HAPFELI’s (1925) 8 cases one was a primipara, 5 were ii-v-pares 
and 3 vi-paras. The 20 cases from the literature included 2 primiparas 
and 18 multiparas. 

In MILLER’s (1941) material 24 sets of quadruplets were born 
the Ist—6th pregnancy and 20 sets in the 5th—12th pregnaney. 


Oun Results 


The parity distribution of triplets’ mothers of the present materi 
is as follows (Table 9). 
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If the cases are combined into three bigyer parity groups the 


results are as follows: 


ee 107 or 17.7 = 1.5 per cent 


A conspicuous feature is the low percentage of primiparas, 011!) 
17.7 + 1.5. The majority, 55.6 + 2.0 per cent, are il-v-paras, but an 
unusually high percentage, 26.7 + 1.8, are mothers who have had very 
numerous, up to 14, parturitions. According to this classification 11-y- 
paras have the most triplets and primiparas the fewest. 

As no information ts available on the parity of the parturients of 
the whole country it is impossible to compare the distribution of 
triplets’ mothers and of parturients in general by the number of 
deliveries. The comparison can only be made for primiparas and 
multiparas in 1941—1950 and is as Table 10 shows. 

This comparison also reveals the low number of primiparas among 
triplets’ mothers. The ineidenee is 13.6 - 3.5 per cent lower among 
them than among parturients in general, a highly significant differ- 
enee. The low number of primiparas among triplets’ mothers as 
compared with all parturients would probably be further accentuated 
in the total material in which primiparas account for only 17.7 & 15 
per cent. In addition, the age of the primiparas is remarkably high. 
averaging 27.5 vears; 34.0 + 5 per cent are over 30, 

As the mother’s parity usually increases as she grows older no 
decision can be reached from a separate study of the effect of age and 
parity on triplet frequency as to which of these factors has the greater 
influence. The average age of triplets’ mothers in the various paris 
groups should therefore be determined and compared with 
corresponding values for all parturients. But no such comparison 
material is available for this country and henee the problem eannot 
be resolved. Thus no conelusion ean be drawn as to whether th: 
observed rise in triplet frequeney with the age and parity of the 


mother is due to only one of these factors or both together and. 


the latter, which of them plays the greater part 
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The parity distribution of quudruplets’ mothers is as follows: 


Thus the quadrup.cts’ mothers of the present material have the 
same parity make-up as the triplets’ mothers; fewest primiparas most 
ii-v-paras. No more detailed evaluation is possible with such a limited 


material, 
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Vil. Sex Distributions of Triplets and Quadruplets 


It is well-known that male births generally slightly outnumber 
female births, the proportion approximating 105—106 : 100. Whether 
the same proportion obtains between the sexes in multiple births also 
has been discussed by many researehers. The values reported by tli 
various authors on this ratio of boys to girls in various types of 
multiple births can be seen from the table on the page 55. 

Among triplets, according to (iuzzont (1889), in 2.950 cases. the 
ratio was 106.5 boys : 100 girls. Among FIsHEr’s (1928) 166 sets of 
triplets again girls were in the majority, the ratio being 89.4 : 100 


For quadruplets the following ratios may be mentioned, all of whi: 
indicate the greater number of girls in quadruplet births: 


Bratrsrrom (1914) ....... 42 cases, 80.6 100 
Maier (1941): 149 22100 


Of quintuplets only two mentions have been found, and they a: 
contradictory. WALKER (1947) collected 46 cases from the Literatur 
which give a boy: girl ratio of 116.96 : 100. NicHoLs (1952), agai 


in the 60 eases of quintuplets found by him, reports a marked piv 


ponderance of girls, 93.5 ; 100. 


Henee it can perhaps be said that most statisties, particularly 1 
more comprehensive ones, seem to indicate that the preponderan« 


of boys decreases as the number of infants per birth inereases, 


although here again contradictory opinions have been advance 


Among triplets there seem to be relatively fewer boys than in 
births even though the boys may continue to be in the majorit; 
Among quadruplets girls seem to constitute even a majority, aecordii ¢ 


to most researchers. However, many quadruplet materials are too 


limited to permit conclusions. The same applies to quintuplets. 
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As regards sex distribution several kinds of combinations are 


observed in the various types of multiple births. 


In twins three types are possible, viz. girl-girl, boy-boy, and gir!- 
boy. According to Prixzinc (1906) the pereentual distribution of 
these types is as follows: boy-boy 32.6, boy-girl 37.0, and girl-girl 36.4. 


NicHOLs (1952) obtained approximately the same percentages: 32.7, 


36.8 and 30.5, respectively. — According to this the three different 
types seem to be almost equally divided among twins, however with 
different-sexed pairs slightly in the majority perhaps. Same-sexcd 
twins, taken together, are almost twice as numerous as different- 
sexed. 

In Japan, according to information supplied by Koma and 
FUKUOKA (1933), twin pairs mixed as to sex are very few. The ratio 
between the three types, boy-boy, boy-girl and girl-girl, in maternity 
hospitals is 2.54: 1: 2.5 and in the town of Osaka LS]: 1: 1.54. 


Triplets may show 4 types of sex combinations: 
3 boys 
2 boys and 1 girl 
1 boy and 2 girls 


3 girls 


As regards the mutual relations of the various types, several re- 
searchers (Verr 18595, Guzzont 1889, Ruppix 1901, Prixzinc 1906, 
Hamuerr 1935 and 1952) claim that slightly less than half 
(on an average 48.9 per cent) of all triplets are same-sexed, with sets 
of girls and boys approximately equally numerous. According to sti- 
tistics compiled by Komar and Fuxvoka (1933), however, Japanese 
material contains a much higher pereentage of same-sexed triplets. 
74.8 per cent. A similar difference was observable also for twins and 
the authors believe it to be due to a higher relative number of mon- 
ovular twins and triplets in Japan. 


In quadruplets there are 5 different possibilities as to sex: 
4+ boys 


3 boys and 1 gir! 


2 boys and 2 girls 


1 boy and 8 girls 
+ girls 
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Statistics on quadruplets are too limited for definite conclusions to 
be drawn as to the incidence of the different types. PrinzinG’s (1906) 
106 sets of quadruplets included 82 (30.2 per cent) same-sexed sets. 
In MiLLER’s (1941) material of 149 cases and NicHOLS’s (1952) mate- 
rial of 114 cases same-sexed quadruplets accounted for approx. 40 per 
cent, with boys and girls in approximately equal numbers. Most 
numerous were the sets of 2 girls and 2 boys, although the difference 


from the other types was fairly small. 
With quintuplets there are 6 possible sex combinations: 


boys 


boys and 1 girl 

3 boys and 2 girls 
2 boys and 3 girls 
1 boy and 4 girls 


girls 


Of the 40 cases of quintuplets reported by Mace ArTHUR and Forp 
1937) 16 and of the 60 cases reported by NicHOLs (1952) 23 sets were 
same-sexed, i.e. approximately a ratio of 4:10 for both materials. 
Both materials are too limited in size for any conclusion as to whieh 


quintuplet type is in the majority. 


Lively interest has also been shown in the proportion of multiples 
horn of one and that originating from two or more eggs. — The 
frequeney of one-egg and two-egg twins has been discussed by numer- 
ous authors. The general conelusion arrived at (WEINBERG 1902, 
PrinzinG 1907, DAHLBERG 1926, GUTTMACHER 1937, NEWMAN 1942, ete) 
30 per cent of the total 


is that one-ege twins account for some 20 
number of twins. AscHan | (1953) obtained the slightly higher 
percentage of 37.4 for monochorionie twins from a Finnish elinieal 
material. 

[Information on the zygocity of triplets, quadruplets and quintuplets 
is generally based on very small materials of a few or at the most a 
few tens of eases, and hence is relatively unreliable. E.g. STRASSMANN 
(1889) found among 12 sets of triplets 1 monovular set, 5 binovular 
and 4 triovular sets; 2 cases were unclear. Sanirer (1901) had 2 
monovular, 14 binovular and 9 triovular sets, ARAAFFY (1912) 1 
monovular set, 10 binovular sets and 1 triovular set. Sasse (1926) 
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colleeted from the literature all the monovular triplets he could fi'd, 
a total of 32 sets. He, like many other researchers, believes monovuiar 
triplets to be the rarest, binovular and triovular sets more commo) 

Reports in the literature cover all four zygocity types of quad- 
ruplets, monoyular, binovular, triovular and quadriovular, but only 
scattered instances of each. Among 37 cases of quadruplets MILirr 
(1941) found almost equal numbers of binovular, triovular and quad- 
riovular, but only a quarter of their amount of monovular quad- 
ruplets. (1925), and Hermsrem and Pranz (1931) also 
emphasize the rarity of monovular quadruplets. But NEWMAN and 
(FARDNER (1942). who have personally examined six sets of surviving 
quadruplets and found all four types among them are of the opinion, 
on the basis both of their own findings and the reports in literature 
that monovular, binovular, triovular and quadriovular quadrup!cts 
are approximately equally frequent. 

Information on the zygocity of quintuplets is seareer still. The 
usual assumption is that monovular quintuplets, such as the famous 
Dionne quintuplets, are the rarest (Mae ArTHUR 1938, DAFOE 1940, 
ete.), but e.g. Newman (1942) considers monovular quintuplets to be 
more frequent than is generally believed, 

Wersperc (1902) based his famous differential method of deter 
mining the frequencies of monoyvular and binovular twins on the sex 
distribution of the children, If the male birth probability is taken as 
0.5+a (because male births are slightly more numerous than femal: 
the figure for female births is 0.5—a. As the sex of binovular twins Is 
determined independently of either of the twins the probability of 
dizygotie twins being opposite-sexed is double the produet of these 
two probabilities ie. (0.5+a) (0.5—a) = 0.5—2a*. As, however, 
the predominance of male births is relatively small WEINBERG 
eonsiders 2a? to be so small that it ean be disregarded, making half 
the binovular twins of mixed sex. Thus if the number of opposite- 
sexed twins is subtracted from the number of same-sexed twins we gt 
the number of monovular twins. This according to him, varies between 
23.4 and 31 per cent, a figure that complies with values arrived at |) 
other methods. 

WEINBERG applied his differential method to triplets also. If mo- 


nozygotic triplets are denoted a, dizygotic 2 b and trizvgotie 4 ¢. 


obtain: 


di: 


al 


| 
ho 

pe 
‘pt 
it 

| 
| 


a+ b+ ¢ = number of same-sexed triplets 
b + 3¢ = number of opposite-sexed triplets 


[f, in addition, it is assumed that 2b = 4e, i.e. that the numbers of 
dizygotie and trizygotie triplets are epual, approx. 1/7th of all triplets 
ale monozygotic. 


The Finnish Material of Triplets and Quadruplets 


The sex of 1805 infants of the present friplet material is known; 
no information has been obtainable on the sex of 4 still-born infants. 

Boys total 906 and girls 899, i.e. the sex ratio is 100.8 : 100. 

For all infants born in Finland in 1905-—1952 the boy:girl ratio is 
106.4 : 100. The male birth probability among triplets is 50.2 + 1.2 
per cent and among all children born in Finland during the same 
period 51.54 + 0.02 per eent; the difference is only 1.3 + 1.2. per 
cent. Although it would seem from the ratio that the preponderance 
of boys among triplets is lower than in general among children, the 
difference is too small to be considered significant. 

The sex combinations of 599 sets are known; in 4 sets the sex of one 
child was unknown, and henee these have been exeluded from the 
study. 


The present material divides up as follows: 


141 cases = 23.5 per cent 
2 boys and 1 girl .. 156 ,,) = 26.1 

l bey and2gvs.... 67 , = 219 


599 eases 


The sets of 2 girls and 1 boy are in the majority, the 3-girl sets 
fewest. 276 cases are same-sexed, ic. 46.0 per cent, whieh is well in 


keeping with the values reported in the literature. 


No conclusions ean be formed on the zygocity of triplets. The after- 


th has been examined in extremely few cases only. What is more, 


majority of the triplets have died, and in the && cases in which 
a! the children are alive the author has not been in a position to 
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carry out the thorough and laborious similarity tests. — An attem)t, 
by means of WEINBERG’s differential method, to estimate the incidence 
of one-egg, two-egg and three-ege triplets, gives us the followiie 


approximate estimate: 


a+ b-+e= 276 
b+ 3e = 32: 
a monozygotic triplets = 83 cases 
2b = dizygotic a = 258 
de = trizygotic = 


(2h = 4e). 


The final result thus obtained is 83 sets of monozygotic triplets 
(13.9 per cent) and 258 sets of the other two types (43.05 per cent 

- The assumption here, according to WEINBERG, is that dizygotic 
and trizygotie triplets are equally numerous, which of course is not 


certain. 


In the sets of quadruplets boys and. girls are equaily 
numerous, Le, 36. The sex ratio, accordingly, is 100 : 100. Boys should 
be relatively fewer than in all births but the figures are too smal] to 


permit of conclusions. 


By sex combinations the quadruplets are distributed as follows: 


18 cases 


Most numerous are the sets of 2 boys and 2 girls. Only three seis 
are same-sexed. thus mueh less than could be expected from inforn 


tion published in the literature, but the cases are too few to permit 


any conelusions. 


Nothing can be said of the zygocity of the quadruplets either, tor 


the after-birth has not been examined and only one complete set's 
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al.ve. It consists of 3 boys and 1 girl, now two years old. Unfortunately 
the detailed examination of the embryonic membranes was omitted 
in this case also, but external appearance, physical and mental 
similarity and blood group studies ete. indicate that 2 boys are mono- 
zygotic twins and the third boy and the girl developed from different 
ova. Henee it seems probable that the quadruplets are trizygotie, 
although a definite answer to this question ean only be given when 


] 


the children have erown older. 
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VII. Prognosis of Triplet and Quadruplet Children 


a. Prenatal Mortality 


A general observation is that number of still-births in multiple 
births is higher than in all births in general. This is attributed both 
10 prematurity and to the higher incidence of various pregnancy 
complications like nephrogestosis ete. in multiple pregnancies, Pre- 
natal mortality, approx. 2—3 per cent for all births, varies with: 
twins according to different statistics (Ruppix 1901, SrrRassMAN» 
1904, Prinzinc 1906, WerpbervANG 1924, OreEL 1927, ARAKI 1933, 
YERUSHALMY and SHEERAR 1940, NicHOLS 1952) between 5 and 9 per 
cent. In SUHONEN’s (1933) Finnish clinical material intrauterine 
mortality with all twins amounts to 10.1 per cent and in PARVIAINEN’s 
(1945) similar material with premature twins to only &.8& per cent. 
CROSSE (1952) reports a still-birth rate of 2.1 per cent in an English 
material for all births and 7.7 per cent for multiple births. 

With triplets several researchers have found much higher values 
still for prenatal mortality: Ruppin (1901) and SrrassMann (1904 
12.1 per cent, SAnireR (1901) 13.9 per cent, Prinzina (1906) 11.5 
12.3 per cent, SASSE | 1926) 26 per cent and YERUSHALMY and SHEER \k 
(1940) 15.2 per cent. ParvialInen’s (1945) 18 premature triplet babies 
ineluded 3 still-births. 

Information on quadruplets is very scanty due to the paucity of 
eases. BRATTSTROM’s (1914) series of 53 cases had a still-birth rate of 
15.6 per cent. WALKER (1947) reports that in only 77 out of 99 ss 
of quadruplets in the U.S.A. were all the infants born alive. Aceordi:g 
to NicHouts (1952) 123 quadruplets in the U.S.A. included 15.9 per 
cent still-births. All the infants of 78 sets (63.4 per cent) were born 
alive, at least one child was born alive in 114 sets (92.7 per cent), and 
all the children were still-born in 9 sets (7.3 per cent). — Althou:h 
the statisties are scarce they seem to indicate that the prena‘ 
mortality of quadruplets is higher than that of twins and triplets 
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Present Results 


‘he present material comprises a total of 1809 triplet children. 
They inelude 1581 live-births, 87.40 + 0.8 per cent, and 228 still- 
births, 12.60 + 0.8 per cent. The prenatal mortality therefore agrees 
roughly with the average figures quoted in the literature. 

In 1901—1952 all births in the whole country showed a still-birth 
rate of 2.377 + 0.007 per cent. The prenatal mortality of triplets is 
therefore at least 4—5 times as high as that of all infants. 


The 603 sets of triplets are classified according to live-births as 


follows: 
3 live-births ...... 452 cases = 75.0 + 1.5 per cent 
a , = 55209 
All still-born ...... 2 , = 3862+08 


603 cases = 100 per cent 


Henee all the infants were born alive in 75.0 + 1.8 per cent of the 
eases. One infant at least was alive in 96.4 + 0.8 per cent and all the 
infants were still-born in 3.6 + 0.8 per cent of the cases. 

Quadruplet ifants in the present material tota) 72, 60 born 
alive (88 +4 per cent) and 12 still-born (17 + 4 per cent). The 
figures are so small that no definite percentages can be given, but 
the intrauterine mortality would seem to be of the same range as the 
values indicated previously. 


The live-birth classification is as follows: 


18 eases 


Thus in only 11 sets out of 18 were all the infants born alive; in 
one set all were still-births. 
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b. Mortality of Triplet and Quadruplet Infants during the 
First Year of Life 


It is an old-established fact that the infants of multiple births are 
more or less premature and for this reason alone weaker and_ css 
viable than singletons. According to information available from the 
literature the number of prematurely born twins varies between 30) 
and 70 per cent, averaging 50 per cent. Of the percentages given by 
researchers a few may be mentioned here: STRASSMANN (1889) 59.1, 
LIEBMANN (1927) 35.3, SorkKELI (1928) approx. 50, SUHONEN (1933) 
51, YERUSHALMY and SHEERAR (1940) 30 and ParviAINEN (1945) 53.9. 
— y. VERSCHUER (1927) obtained an average birth-weight of 2,625 + 
570 ¢& for monovular twins and 2,400 + 560 @ for binovular twins; 
the weight ratios of EsskN-M6OLLER (1930) are the other way round, 
viz. 2,331 + 46 e for monovular and 2,607 + 21 ¢ for binovular twins. 

Of all prematures YLpe6 (1919) found 19.2 per cent to be twins, 
STEINFORTH (1928) 21.6 per cent, SunpE (1930) 14.7 per cent, and 
PARVIAINEN (1945) 17.6 per cent. 

BLEGEN'’s (1953) premature material included 18.8 cent 
multiples, and AuM’s (1953) male prematures 17.7 per cent. 


Only limited statistics exist on the birth-weights of triplets. The 
general opinion is, however, that triplets inelude a still higher per- 
centage of prematures than twins and that the birth-weights are 


accordingly lower. MrraBeau (1894) reports the average weight of 


triplets as 1,956 2; in his opinion some 50 per cent of the infants can 
he considered viable. SanirER (1901) made the same _ finding. 
According to STRASSMANN (1904) only 33 per cent of triplets are full- 


term. 


In Cotornt’s (1912) series of 63 sets of triplets the mean values 


of the infants’ weights are as follows: 


1200 ge 8 sets (17 per cent) 
24 (22 +.) 
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The majority, over 40 per cent, were triplets whose birth-weights 
ranged from 1600 to 2100 @, and only in 8 per cent was the mean 
value over 2500 @. 

SASSE (1926) estimates that all the infants can be considered viable 
in only 5 out of his 28 eases of monovular triplets. 

Information on the birth-weights of quadruplets is seantier still as 
the birth-weights are indieated in scattered cases only. [Arent (1925) 
has collected from the literature 11 cases in 8 of which the average 
weight of the infants ranged from 1000 to 2500 @; in 3 only did it 
exceed. 2500 @. However, most authors are of the opinion that the 
majority of quadruplets, if not all, are premature. Quintuplets, 
according to NEWMAN (1942), are without exception premature. 

( 


Crosse (1952) reports from Birmingham that 75 per cent of all 


multiples are premature. 


The high pereentage of prematures amone multiples raises the 
question of their chances of survival compared with singleton prema- 
tures. 

Yurr6é (1919) has earried out investigations in Berlin with German 
prematures, Le. infants with a birth-weight under 2500 ¢; he found 
with a material of 668 infants that the mortality in the first year of 


lite was higher the lower the birth-weight. In the lowest weight group. 
at the end of the first year, it was 94.4 per cent and in the highest 
33.9 per cent, Of all prematures, 50.33 per cent died before the termi- 
nation of the first vear of life. In addition he found that, especially 
for the smallest prematures, the first day of life and the whole 
of the first month were decisive for survival. — Amone premature 
twins, again, the corresponding mortality during the first year of 
life averaged 87.07 per cent, slightly lower than among prematures 
in general. — After the prematures had passed their first year of 
life their mortality, according to Yupp6, was hardly any higher than 
that of other infants. Some 40—45 per cent of all prematures reached 
school age, of twins approx. 50 per cent. 

In Sunpe’s (1930) Norwegian premature material of 1009 infants 
the mortality during the first vear of life was 35.8 per cent and at the 
aw of 7 vears 38.2 per cent. The lower values are duc to the fact that 
SUNDE's statisties Included much fewer of the smaller prematures than 
Yiurpé's material. 208 twins in his material showed the same mortality 


as other prematures. 
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Many later researchers have reported much better results for the 
survival of prematures. According to Crosse (1952) premature 
mortality during the first year of life in Birmingham fell from 21.4 
to 17.4 per cent in 1947—1950. At the same time the mortality of all 
prematures as carly as + weeks old was 15.4 per cent and of premature 
multiples 13.3 per cent. All multiples at the same age showed 
mortality of 11.2 per cent. 

BLEGEN (1953) carried out follow-up examinations with 893 preina- 
tures in Oslo and found that the mortality percentage at the age of 
24 hours was 9.9, 1 month 17.3 and 1 year 22.2. Her prematures 
ineluded 180 multiples and their mortality at the age of 9 years was 
27.5 per cent while for other prematures it was 25.8 per cent. Hence 
premature multiples have the same chances of survival as premattires 
in general. 

Different results on the mortality amone singleton prematures atid 
premature multiples were reached by Aum (19538). His) materia! 
covers 999 male prematures born in 1902—1921 and discharged alivi 
from the maternity hospitals in Stockholm. They ineluded 236 twin 
and 4 triplet infants. The total mortality of singleton prematures up 
to 1948 was 29.6 + 1.7 per cent, of premature multiples 39.2 + 32 
per cent. For the first vear of life the figures were 16.2 per cent and 
26.7 per cent, respectively. The mortality is thus definitely hig ier 
among premature multiples than among singleton prematures, 
the difference is mainly due to the mortality during the first 2 —3 
vears of life. As regards the effeet of birth-weight on mortality, tl 
author finds that the mortality of multiples is higher in all weight 
eroups, the difference even inereasing with the birth-weight. The 
higher mortality was largely due to deaths from infectious diseases, 
and an important additional factor was poor economic conditions. As 
pointed out above, the author's mortality figures do not include death 
in the maternity hospital; henee the total mortality of live-horn 
prematures is actually considerably higher. ALM estimates that in ‘he 
whole of Sweden some 20—25 per cent of all prematures die dur ng 
the first vear of life. 

The prognosis of Finnish twins has been investigated only by 
PARVIAINEN (1945). He made follow-up inquiries about 500° tin 
infants with a birth-weight of under 2500 g. 131 or 26.2 per een: of 
these died at the maternity hospital, and at the age of 1 year ‘hi 
mortality was 42.8 per cent for those born in Viipuri and 38.4 er 


cent for those born in Helsinki. 
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The mortality of triplets as a separate problem has been discussed 
very little in the literature. The present author has found only one 
statistical report of any considerable size. FIsHER (1928) colleeted 
information from Great Britain and Ireland on triplets born alive 
during the 3 vears 1917—1920, and made follow-up inquiries about 
the survivors at the age of 614 vears. — For 166 sets of triplets the 


data were as follows: 


166 cases 


For the 144 sets on which information was obtained, 186 out of 
438 infants were alive and 252 dead. Mortality at the age of 6% 
vears was thus 57.53 per cent. 

Qf PARVIAINEN’s (1945) 1S triplet infants 38 were still-births, 8 
died in the maternity hospital and 7 were alive at the age of 4, 
approximately half the number of live-births. — Beacham and 
3EACHAM (1950) found that 24 out of 45 triplet infants were either 
still-born or died in the maternity hospital. 


Poorer still are the chances of survival tor quadruplets, although 
extremely little information is available. BrarrsrrOM (1914) colleeted 
data on 53 sets of quadruplets and found that 110 (65.8 per cent) 
out of 167 live-births had died. HArenr (1925) effected in- 
vestigation in Switzerland for 1S71—1920 and found 8 sets of 
quadruplets. During the first vear of life 22 out of the 29 born alive 
died. Only 7 survived. One set of these quadruplets was still alive at 
the age of 45, 

\s the mortality of quadruplets is as high as this each country at 
acviven point of time ean show but few sets of quadruplets with all 4 
children alive. Only 18 sets of quadruplets surviving intaet for at 
least a year have been found in the literature. Their distribution by 
countries is as follows: Germany 2 (Curtivs 1927), Great Britain 2 

Harrison 1935 and 1936. Corner 1949). Finland 1) (Mirrrinen 
1953), France 1 (BLECHMANN, VANDESCAL, LEVESQUE and FORESTIER 
10), Switzerland 1 (Hiren 1925). U.S.A. 11 (CLARKE 1932, Pryor 
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1939, Sincuatr 1940, GarpNer and NEWMAN 3 eases 1940 and 1943. 
LANCASTER 1944, Bruce and Scorr 1944, ULLERY 1945, Watson 1945, 
Bowyer and Corner 1947). Naturally not all the cases of surviving 
quadruplets have been published, but even so their rarity is iin- 
questionable. An indication that quadruplet children may sometimes 
survive in poor conditions even is seen in the case reported by NIcoLLr 
(1935) from the South Cameroons. A pygmy woman in a temporary 
camp gave birth to a set of quadruplets; 1 of them, a boy, died thi 
day following birth but the 3 girls were alive at the age of 3Y4 years. 
For the sake of comparison it may be mentioned that the only 
definitely known case of a complete set of quintuplets surviving is 
that of the Dionne quintuplets, born in Canada in 1934. As is known. 
they are five girls, and they have been found to be monovular 
(Daror 19384 and 1940, Mace Arraur 1988, ete.). The Argentine cas 
of quintuplets reported by Berurr (1944), in whieh all the children. 
3 girls and 2 boys, are supposed to be alive still, is only supported by 
the information supplied by the parents and the midwife a long time 
after the alleged birth, for which reason it is by no means certain that 


the case really is one of quintuplets. 


The Prognosis of Finnish Triplets and Quadruplets in 
the First Year of Lif 


Regarding the friplets born in’ Finland 1905—1952, the pre- 
sent author has managed to obtain data on the birth-weight of S96 
infants. However, 105 surviving infants born prior to 1931 could 


not be taken into consideration in this connection as the birth-weiehts 


of most of the infants born in this period is unknown, and it is the 
fore impossible to obtain a clear picture of the birth-weights of 
the triplets in question, Of the S40 infants born in 1981—1952 | 
birth-weight of 49 only is unknown. Among these are 2. pairs of 
thoracopagi whose separate weights cannot be determined. — Of 111 
S40 triplet infants 498 were born at maternity hospitals and their 
birth-weights have been cheeked against the hospital records: 
were delivered at home. In the majority of the latter eases a widw it 
supervised the delivery and henee the birth-weights recorded ean |» 
considered reasonably reliable. 


The 791 infants ineluded in the material are distributed by b7 


weight as follows (Table 11 
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TABLE 11. 


Birth-weight of triplet infants tn 1931—1952 


Live-births Still-births 
Weight, ¢ Total 

Number | Number % 

“| 

 501—1000 71 44 + 0.9 27 
1001—1500 137 120 17.2 + 1.4 17 12-63 
| 235 229 18 13 6+1 
| 2001—2500 202 193 9 
| 2501--3000 06 33 13.3 + 1.3 3 342 


The majority of the live-births, 31.8 + 1.8 per cent, is in the 1501- 
2000 & weight group, and the next biggest, 27.7 + 1.7 per cent, is the 
2001 —2500 @ vroup. The birth-weight of a total of 667 babies 
(84.3 + 1.3 per cent) was under 2500 @: only 124 infants (15.7 + 1.3 
per cent) weighed over 2500 @ at birth. Henee the majority of triplet 
infants are prematurely born. 

All the 22 infants weighine under 500 @ at birth were still-born; 
most of them belonged to triplets in which 1 child or the other two 
children weighed mueh more. The biggest difference in weight 
between triplet children in such ceases was 3350 e, the weights of the 
set being 8800, 3600 and 450. The biggest difference between the 
weights of live-bern triplets was 1600 ¢@. Mostly, in 180 cases, the 
difference in weight was under 500 @ and only in 18 cases was it over 
1000 

The table also reveals that the number of still-births in the three 
lowest weight groups was considerably higher than in the others: the 
still-births rises in Converse ratio to the infant’s birth- 


percentage oO 
weight. 

As regards the prognosis of triplet children born in 1905—1952, 
great differences are observable between different periods. For this 
reason. the live-born infants have been classified into six periods and 
the mortality during the first 24 hours, 3 weeks and 1 year of age has 
been determined for each period. The results obtained are given in 


Table 12. 
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TABLE 12. 


Mortality of lve-born triplet children m 1905—1952 


| Under 24 hours of age] Under 3 weeks of age | Under 1 year of #2 

Total | 
% Number’ % Number 

1905—1910} 249 4941494 = 2.0) 100 14270 174 16919 = 29 
1911—1920| 35] 58 116.5 > 2.0) 146 | 41.6 +2.6] 219 2.6 
1921—1930| 256 97 | 37.9 + 3.0} 149 [58.2 + 3.1 
1931—1940} 299 a4 = 22 2) 143 140.5 29 
1941—1950]) 35s 22.0 2:3) 195 162 26 
19511952] 65] SJ TIS +39) 20] 294455] 58 
[1581 | 314] 19.9+ 1.0] 577 [36.5 +12] 871 [55.1 + 13 


The mortality during the first 24 hours averaged 19.9 + 1.0) per 
cent, during the first 3 weeks of life 86.5 + 1.2 per eent, and in thir 
first year of life 55.1 + 1.8 per cent. It can be seen from the table 
that the mortality during the first 24 hours remained constant 
throughout the period; the mortality during the first 3 weeks deereas- 
ed slightly in 1931—1950. The figures for 1951—1952 are so !ow 
that they permit of no conclusions. On the other hand, the mortality 
of children under 1 year deelined considerably during the period, viz. 
from 69.9 + 2.9 per cent to 35.3 = 95.8 per cent. 


A comparison of the mortality rate for infants under one vear old 


among triplets and that for all live-births in Finland — the latter 
dropped in 1901—1952 from 12.28 + 0.03 per cent to 3.36 + 0.04 
per cent shows that the drop in general infant mortality has been 


relatively much greater than the drop in the mortality of triplets. 
The prognosis of triplets is still so poor that little more than half the 
babies survive their first vear of life. 

The relationship between and variations in the infant mortality of 
triplets and of infants in general is illustrated by Fig. 5. 

Table 13 has been compiled in order to discover how many children 
survive at each of these periods of age from each set of triplets that 


has at least 1 child born alive. 
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FIG. 5. Mortality of live-born infants under 1 year old, 


The survival of the children at various ages can be seen in greater 
detail in Table 14. The number of live-births in eaeh ease has becn 


considered separately. 


TABLE 14. 


Survival of infants at different ages in triplet sets in which 3, 


2 or 1 of the infants was born alive 


Number of 


Number of 
surviving 


Number 


of cases 


* 


1 ease is 


unclear as the family has emigrated. 


live-births 
infants - at the age at the age at the age 
at birth of 24 hours of 3 weeks of 1 year 
3 3 452 323 2'34 118 * 
2 51 74 9] 
] 25 32 74 
0 50 112 1658 
2 2 96 67 46 ot 
16 13 
0 16 34 46 
] 1 3 19 14 10 
0 14 19 Bo 
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All 3 children were alive at birth in 77.8 + 1.7 per cent of the eases, 
at the age of 24 hours in 55.6 + 2.1 per cent, at the age of 3 weeks 
in 40.38 + 2.0 per cent, and at the age of 1 year in only 20.3 + 1.7 
per cent of the eases. Hence at the age of one year 118 complete sets 
of triplets were alive. Subsequently one or several children have died 
from a number of the sets, leaving only 88 sets of triplets alive in 
Finland, their ages varying between 1 and 45 years. Two families 
each, have two sets of triplets surviving. In one case both sets consist 
of 2 girls and a boy, aged 4 and 6 years. The other family has a set of 
2 virls and 1 boy, aged 4, and a set of 3 boys aged 6 months. 
In each of six families, in addition, a set of triplets and a pair of 
twins are alive. 

On the other hand, all three children were dead at the age of 24 
hours in 13.8 + 1.4 per cent, at the age of 3 weeks in 28.4 + 1.9 
per cent and at the age of 1 year in 40.9 + 2.0 per cent of the cases. 
Thus at least one child of the set was alive only in approx. 60 per eent 
of the eases of triplets. 

Finally, the relationship between the birth-weight and mortality 
of triplets in 1931—1952 has been studied. Caleulations were made 
1931—1940 and 1941—1952, but as no essential 
between these two periods they were 


separately for 
difference was observable 
combined and are presented thus in Table 15. 


TABLE 15. 


Mortality of infants born alive, 1931—1952 


Aged under 24 hours Aged under 3 weeks Aged under 1 year 
Birthweight g| Total 

Number % Number % Number % 
501—1000 44 39 89 +5 9S. 44 | 100 
1001—1500] 120 58 | 48 +5 84170 +4 94/78 +4 
1501 —2000 | 222 31 106} 48 
2501 —3000} 93 4 20 

698 142 | 20.341.5) 213] 3051.7) 310] 4441.9 


The table shows very distinetly the drop in mortality in all age 
groups with the inerease in birth-weight. The mortality of infants 
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FIG. 6. Mortality of live-born triplets, by birth-weights. 


under 24 hours old averages 20.3 + 1.5 per cent, 89.0 + 5 per cent for 
infants with a birth-weight of 501—1000 @, and 1.0 + 1 per cent for 


the over 2500 @ birth-weight group. The percentages for infants under 


3 weeks of age are 30.5 + 1.7, 98.0 + 2 and 3.0 + 2, respectively, and 
for those less than 1 year old 44.4 + 1.9, 100 and 19.0 + 4. Of the 
infants weighing less than 1000 ¢ at birth, therefore, not a single on 
remains alive at the age of 1 year. But the mortality of those 
weighing over 2500 ¢ is also about 4 times as high as the corresponding 
general mortality. 

The fluctuations in the mortality rate in the various weight groups 
are illustrated graphically in Fig. 6. 

A study of the mortality of all triplets, separately for prematures 
and full-term, gives the following results (Table 16): 


TABLE 16. 


Mortality of premature and full-term triplets, 1931—1952 


Aged under 24 Aged under 3 weeks | Aged under 1 y+ 
hours 
Birth-weight g Total — 
Number Nun. ber % Number % 
250) | 579 141 41.8) 209 136.1 2.0) 287 [49.6 + 2.1 
2500 119 23 119.0 + 4 
| wos | 142 + 1.5] 213 [30.5 + 1.7] 310 [44.4 + 1.9 
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The difference between the mortality of premature and full-term 
infants is very great in each age group. However, the difference 
decreases towards the end of the first year of life. The mortality 
ratio for the first 24 hours is 24.9 + 1.8: 1.0 + 1, for the whole of 
the first year of life 49.6 + 2.1: 19.0 +4. This indicates that for 
premature triplets, just as for prematures in general, it is the earliest 
days of life that are of decisive importance for survival. The genera! 
survival rate of triplets at the end of the first vear is approx. 50 per 
cent for prematures, some 80 per cent for full-term infants. 

As the vast majority of triplets are prematures it would be of 
interest to know the relationship between triplet mortality and total 
premature mortality in Finland. No earlier investigations, however, 
have been made in this country into the general premature mortality. 
sut_ in 1951 the Mannerheim League Committee for Premature 
Babies’ Welfare in Finland sent out follow-up inquiries on premature 
births to public health nurses and midwives. From the results of 
this investigation YuPreé has kindly made available the following, 
partly incomplete and uncheeked data: Of a total of 1859 prematures 
196 (some 10.5 per cent) were still-births, 352 (approx. 19 per cent) 
died under 14 days old and 739 (some 40 per cent) during the first 
year of life. This is the picture including still-births. If the still-births 
are subtracted, 543 or approx. 32.5 per cent of the 1663 prematures 
born alive died within their first year of life. 

soth the general triplet mortality and particularly the mortality of 
premature triplets seems, then, to be higher than the overall prema- 
ture mortality in Finland. However, the objects of the comparison are 
not fully correspondent as the triplets involved were born in 1931- 
1952 and the prematures studied mostly in 1949—1950. A large 
iumber of the prematures born in recent vears have been treated in 
the hospitals whereas extremely few of the triplets born earlier 


received expert treatment. 


The birth-weight) of quadruplets known in cases only, 
ic. for 40 infants. It has been impossible to trace the birth-weights of 
the 8 sets of quadruplets born prior to 1919. 

Distribution by birth-weight is shown in Table 17. 

All the quadruplet infants weighed less than 2500 @ at birth. Half 
the infants were in the 1501—2000 @ weight group: one only weighed 


over 2000 
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TABLE 17. 
Birth-weight of quadruplets. 


sirth-weight ¢ Total Live-births Still-births 
1001 —1500 9 8) 
1501—2000) 20) 19 1 
| | 1 1 = 
40) 


The children’s prognosis is shown in Table 18. It takes into account 
the mortality of all the 60 live-born quadruplet children and. 
separately, the mortality of the 37 infants whose birth-weights are 


known. 


TABLE 18. 


Prognosis of live-born quadruplet infants 


Died under 24] Died under 3 | Died under 
Birth-weight ¢ Potal hours old weeks old year old 

| 60 24 37 46 

50I—1000 | 7 7 

1001—1500 .......... 9 4 

| 37 | 12 | 165 | 25 


The table reveals that over half of the 60 children died within 
weeks of birth and that only 14 children were alive at the age o 
1 year, i.e, one complete set (Photo 1), 2 children each of 2 sets and 
1 child each of 6 sets. + of these have sinee died in childhood; hence 
10 quadruplet children, aged 2—44 years, are now alive. As pointe: 
out before, only one set of quadruplets in Finland has survive: 
complete, and the children are now 2 vears old. The remaining 6 a) 


the only survivors of 6 sets; one of them is aged 8, one is of school ag 
and 4 are adults. 
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The Jouppila quadruplets, the only complete set to surcive in Finland. 


1, 


As regards the prognosis of children of various weights, all the in- 
fants weighing less than 1000 @ at birth died in the first vear of life, 
as did the majority of those weighing 1001—1500 e. 

The quadruplet material is so small that no percentages can be 
computed or definite conclusions drawn from it. It seems obvious, 
iowever, that only a small proportion of quadruplets is capable of 


overeoming the hazards threatening them. 


#3 


IX. The Mental Development of Triplet and 
Quadruplet Children 


One of the most interesting subjects of twin researeh and multiple 
research in general for many deeades has been the mental development 
of the surviving children. The older literature contains assertions 
that more cerebral defects are found in twins than in other children. 

Loorr (1897) found that the imbeciles of a certain district of 
Norway included 4.6 per cent twins though the general twin frequency 
was only 1.35 per cent. HlerpeRSCHEE (1926) observed that the twin 
frequency among less gifted school pupils in Amsterdam was per 
cent, compared with a general frequeney of 1.0—1.5 per cent. Similar 
results indicating a higher number of twin and triplet ¢ehildren among 
the mentally defeetive in Denmark were reported by Smirn (1930), 
but the difference in frequencies was so small that he considered te 
definite conclusions possible. 

ROsSANOFF and INMAN-KANE (19384) also observed a higher numbe! 
of psyehieally defective among twins than among other children. 

LUXENBURGER (1930). for instance, disputes the above views aid 
does not find that twinship disposes to oligophrenia. 

In Finland Braxper (1935, 1986 and 1937) carried out extens 
investigations into the mental development of twins. He reports that 
in Helsinki’s special schools for backward children 12 out of 11 
children were twins, i.e. 11.9 per cent against a general twin frequenes 
of approx. 14—1.5 per cent. He also found 11 mentally defect: 
children among 86 prematurely born twins of school age, a frequen) 
of 12.8 per cent. 

The causes of this higher frequency of mentally 
individuals among twins observed by several researchers have bet 
widely discussed. Some of them (GRABE 1922, 1923, 
1931, ete.) emphasize the important part played by heredity (1 


producing oligophrenia in twins. 
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Others again, like Rosanorr and INMAN-KANE (1934) and BRANDER 
(1935, 19386 and 1937), consider peristatie or environmental influ- 
ences to be the most important causes; the most important among them 
are premature birth and the high rate of delivery complications. 

YupP6 (1919) was the first to devote attention also to the physical 
aud mental development of prematures. His material of 668 children 
(including 128 twins) showed that both the physical and the mental 
development of prematures is retarded in the early vears of life. 
While the retardation in physical development disappears at approxi- 
mately 5—6 years of age a number of the children suffer from 
permanent cerebral defects. 24 or 7.4 per cent of the author's cases 
suffered from complete idiocy or definite imbeeility. He considers 
birth traumata to the brain the most important causes of retarded 
mental development. In 90 per cent of prematures weighing under 
1000 @ at birth Yuped (1922 and 1926) found haemorrhages in the 
brain or spinal cord on autopsy. In addition to birth traumata 
prematures show fragility of the blood capillaries and a tendeney to 
hacmorrhage which is more marked the smaller the ehild. Cerebral 
defvets constitute a condition that follows from these traumata; this 
is the ease also with Little’s disease from which 3.1 per cent of the 
children in the author's statisties suffered. In  Capprer’s (1928) 
stutisties 7.7 per cent of the prematures were mentally defective and 
per eent affected by Little’s disease. 

Of SunpDE’s (1930) prematures 7 per cent were physieally or 
mentally defective. 5.7 per cent were mentally defeetive only. His 
material also included 99 pairs of twins who showed the same 
percentage of defective individuals as the total premature material. 
In RosaNnorr’s and InMAn-Kane’s (1934) material 15 out of 140 
prematures were mentally defective, i.e. 10.7 per cent. 

BRANDER examined 376 prematures aged 7—15; 1.6 per cent were 
idiots, 2.1 per cent imbeciles and 7.5 per cent suffered from slighter 
mental deficieney i.e. a total of 11.2 per cent oligophrenia cases. On 
classifying the children by birth-weight he found that the lower the 
birth-weight the lower also was the intelligenee quotient (1.Q). A 
di*ferenee of some 500 ¢ in birth-weight equalled a difference of 7—8 
units in the I.Q. Among &6 prematurely born twins he found, as 
mentioned above, 12.8 per cent to be mentally defective. i.e. slightly 
more than in the total premature material. The author attributes the 
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higher pereentage to the high incidence of delivery complications 
leading to cerebral traumata in twins. In his opinion twins with no 
definite psychie hereditary taint and no delivery complications seem 
to have a slightly higher level of mental development than other 
prematures. He has made efforts to study the relationship between the 
birth-weight and the LQ. of twins. The conclusion he draws is that, 
especially with monovular twins, the member with the higher birth- 
weight conspicuously often also shows the higher 1.Q. However, other 
peristatic factors may even out this difference cither partly or 
completely. The author was unable to establish any such correlation 
amone binovular twins. All in all, he arrives at the result that retarded 
mental development among twins seems to result) mainly from 
prematurity and delivery complications, 

A contrast to other contemporary investigations is the statistics 
published by Hess, Monr and BarrenMe (19384). They were unable 
to discern any essential difference in’ the physieal mental 
development of prematures and their siblings born at term. 

Some recent investigators, (1950) and Crossk (1952 
have reported extremely good results in the mental development of 
prematures. The former found 2 per cent of 700 prematures in New 
York to be mentally defeetive, i.e. the same percentage as for full- 
term children. In the latter’s material of 5.235 prematures the figur 
was only OS per cent; however, the infants in this ease had been 
observed up to the age of 1 year only, when the assessment of menti! 
development incurs difficulties. 

In BurGen’s (1958) Norwegian premature material 4.6 per cent of 
the children had an 1.Q. of 70 or less. However, 7.5 per cent of tli 
prematures had to be sent to special schools. The author, unlike 
BRANDER, Was unable to establish any difference in intelligence 
tween prematures of different birth-weights. 

AtM (1953) reports 3.50.8 per cent of mental deficiency, 
epilepsy or Little’s disease among singleton prematures, 2.8 + 14 
per cent among premature multiples. Thus the number of menta!ly 
defeetive, according to him, is relatively low. and no difference obtains 
between singleton prematures and premature multiples. But between 
prematures and full-term control children there is a marked dt 
ference; the latter included only 0.7 + 0.3 per cent mentally defect: 
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No statistics have been found in the literature on the mental 
development of triplets and quadruplets. Individual case reports both 
of oligophrenia (Smrru 1930, CLARKE and 1930, Loorr 1931 
ete.) and of normal mental development (Komar and Fukuoka 1931, 
SANDERS 1932, SonrAG and Netson 1933, Kocu 1934, HENcKEL 1935, 
GARDNER and Rive 1941, GarpNer and Newman 1940, 1942, 1943 and 
1944 ete.) are numerous but offer no evidence of the intelligence of 


multiples in general. 


Present Material 


In the present material information has been obtained on the 
mental development of 469 triplets. They include 162 under 7 years 
of age, 116 of school age (7—15 years) and 191 past school age. 

By their mental development the triplets are distributed as follows: 


Normal mental development .......... 437 = 93.2 + 1.2 per cent 
Retarded mental development ......... 

a, marked retardation ............. 16= 

shoht M= 242686 , 


The mentally defective individuals account for 6.8 + 1.2 per cent. 
Half of them (3.4 + 0.8 per cent) are cither complete idiots, unable 
to talk or walk, or such imbeciles that they cannot attend any school. 
The other half (also 3.4 0.8 per cent) are more mildly diseased, 
attend a special school or, if no such school exists in the locality, have 
tried to cope with part of the normal primary sehool curriculum 
with poor success. 

However, all the data received on mental development are in- 
accurate and summary. They are based not on thorough personal 
intelligence tests but mostly on reports on the development and 
«ducation of the child made by public health nurses, midwives, teach- 


ers and parents. 
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it may be assumed at all events that the number of triplets affected 
with oligophrenia to any marked degree can in no ease be lower than 
is shown by the material. The mental development of the slightly 
defective also, on the basis of information obtained, seems to be so 
obviously retarded that the percentage for this category too ean 
hardly be too high. 

In order to discover whether the birth-weight has any signifieanee 
for the mental development of triplets the infants have been classified 
according to their weight at birth. Information is missing on the birth- 
weights of 24 children, leaving 445 children for the study. 

The results are shown in Table 19. The table also indicates the 
level of education reached by the normally developed children, 

The material of 445 children includes 31, 7.0 + 1.2 per cent, 
mentally defeetive individuals. 15 of them, 3.4 per cent, are markedly 
and 16, 3.6 per eent, slightly defective. A study of the frequency of 
oligophrenia in the various birth-weight groups reveals an apparent 
slightly higher frequency in the two lowest groups. Actually, due to 
the small number of eases, the standard error is so ereat that no 
essential difference can be considered to exist between the frequencies. 

A comparison of the mental development of all triplets born pre- 
maturely and at term gives the values entered in Table 20. 

The material ineluded 329 triplets, 73.9 + 2.1 per cent who weighed 
under 2500 ¢ at birth, leaving 26.1 + 2.1 per cent with a birth-weight 
exceeding 2500 g. The former group contains 7.6 + 1.5 per cent and 
the latter 5.2 + 2.1 per cent mentally defective individuals. It appears 
that the number of oligophrenia cases is not markedly higher among 
premature than among full-term triplets. 


Since the percentage of prematures among the triplets is as high 
as 73.9 & 2.1 it would be interesting to compare their mental develop- 
ment with that of all premature infants in Finland. — No information 
is available for the earlier years. But. as pointed out before, the 
Mannerheim League Committee tor Premature Babies’ Welfare in 
Fiijland in 1951, as a result of its Gesell tests, established that 46 out 
of 642 prematures, 7.1) per cent. are backward in development 
conipared with normal ehildren; 14 of them, 2.1 per cent, are 
markedly retarded. These figures comply fairly well with the values 
estublished for triplets. 
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PHOTO 2 Triplet girls who matriculated at 1s, 


As can be seen from Table 19, no less than 7 of the normall: 
developed triplets have matriculated. Two of them have taken an 
academic degree, One set of triplets, 3 girls, matriculated toget ler 
at the age of 18 (Photo 2); 17 have passed through middle sehool and 
235 have completed the primary school svilabus with @ood or satis- 
factory results. One of the main reasons why few triplets have 
attended a secondary school is that most of them are from the pro- 
vinces and belong to families in poor financial straits; they have ot 


had any opportunity of enjoying a higher education. 


Only 10 of the quadruplets are alive, viz. 4 adults, 1 ehild of 
school age and 5 younger children, One complete set, aged 2 years. 
has survived. All these. examined personally by the author, ar 
physically and mentally normally developed. up to the standard for 
their age. The fifth, a boy of 3, however, seems to lag behind bot! 1 
his physical and mental development. The child of schoo] age and ‘li 
four grown-up members of quadruplet sets. judging by the im‘or 


mation obtained, are normally developed and healthy. 
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X. Discussion and Conclusions 


The results of the present Investigation reveal, firstly, that the 
frequency of multiple births in Finland, in keeping with the reports 
by several researchers (STRASSMANN 1904, Prixzinc 1907, WEINBERG 
1909, DAHLBERG 1926, ete.), corresponds to the highest values reported 
for different countries. In 1881—1952 the average frequencies of 
multiple births in Finland were: twins 14.53 + 0.05 pro mille or 
1:69, triplets 0.170 + 0.005 pro mille or 1: 77°, and quadruplets 
0.37 + 0.08 
observed. in the frequencies of both twins and triplets; quadruplets 


or 1: 65%. Considerable chronological variations are 


are too few to permit conclusions as to frequency variations. For 
1905—1952, the period covered by the present material of triplets 
and quadruplets, the triplet frequeney in Finland was 0.157 + 0.006 
pro mille. 

The ratio for the various multiple births in Finland seems to agree 
roughly with Heuuin’s law, except that triplets are slightly fewer 
than might be expected. 

A comparison of the frequencies of multiple births of this country 
with those of neighbouring Sweden shows them to be approximately 
equal, Although the average values in Finland are slightly higher 
there is no essential difference as regards twins and quadruplets; 
triplets on the other hand seem to be slightly more numerous in Fin- 
land, the difference in frequencies being 0.017 + 0.008 pro mille. - 
The results obtained by the present author confirm the earlier opinion 
that the Northern Countries rank first in the frequency of multiple 
births, 

A comparison between the north and south parts and the east and 
West parts of Finland and between the various counties indieate that 
no striking variations in triplet frequency are observable in the 


different regions of the country. 
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By contrast, the frequencits of triplets and quadruplets in rural 
and urban districts differ widely. In the rural districts the triplet 
frequency is 0.159 + 0.007 pro mille, in the towns only 0.103 + 0.013 
pro mille. The difference, 0.056 = 0.015 pro mille, is significant. For 
quadruplets the difference is still more marked as all the quadrupilets 
were born in the countryside. — This high number of multiple births 
in rural areas agrees well with earlier investigations. As regards the 
causes, the high rate of inbreeding must perhaps be considered in 
addition to the higher fertility of the rural population. Particularly 
in earlier times, when communications were poor, inbreeding was very 
common in the rural districts and this has led to the more read) 
manifestation of recessively inherited family charaeteristies. This 
point is emphasized also by Boxnevir (1919) in her study of the 
twin frequency of Norwegian peasant families. 

As the parents of triplets and quadruplets are mostly country 
people some 68 per cent of them are oeceupied in agriculture, and 
many of them live in relatively poor conditions socially. 

The present material also shows that the triplet frequency of wn- 
married mothers is lower (0.101 + 0.018 pro mille) than that of 
married women (0.154 + 0.006 pro mille), the difference being 
0.053 + 0.020 pro mille. This difference in triplet frequency is 
probably largely due to the fact that unmarried mothers are generally 
younger than married mothers. 

Heredity seems to play an important part in the present materia! 
in the incidence of triplets and quadruplets. Multiples were born to 
the relations of the 365 cases of triplets on whom information could 
be obtained as follows: to the maternal relatives of 35.6 — 2.5 per 
cent of the sets of triplets, to the paternal relatives of 19.2 + 2.1 
per cent, to both the paternal and maternal families of 17.0 + 2.0 
per cent, and to the siblings of 3.3 + 0.9 per cent of the sets of 
triplets. Thus in 75.1 + 2.3 per cent of the eases of triplets multip!es 
were born to the parental relatives. As no information is available on 
the total births to the tripiets” relatives it is impossible to work out 
the multiple birth frequency. But the incidence of multiple births 
among the parental relatives of the triplets is so high that heredity 
obviously plays on important role. As multiple births are recorded 
both on the maternal and on the paternal sides of the families it see:ns 


that the hereditary property may be passed on via either of th 


parents. 
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The frequency of recurrent multiple births in triplet families ex- 
ceeds the general frequency. In the 88 triplets’ families in whieh 
other multiple births have oceurred, the twin frequency is 18.40 + 1.7 
per cent and the total multiple birth frequency 19.9 + 1.7 per cent. 
As the corresponding frequencies for the whole country are 1.453 
0.005 per cent and 1.470 + 0.005 per cent, respectively, triplets’ 
families have about 10 times as many twins and multiple births in 
general as might be expected. This also suggests the existence of a 
hereditary tendeney to multiple births in certain families. 

A study of the age of Finnish triplets’ mothers shows them to be, 
on the average, considerably older than parturients in general. The 
average age of the present material of triplets’ mothers is 33.09 + 
0.03 years, against 30.262 + 0.003 years for all parturients; the 
difference, 2.838 + 0.03 years, is highly significant. A study of the 
distribution of triplets’ mothers by age groups shows that the 
optimal age for triplet pregnancies is 35—39 years; 30.4 + 1.9 per 
cent of all triplets’ mothers belong to this age group. The highest 
proportion of parturients in general, 27.297 + 0.022 per cent, are 
aged 25—29. The results obtained agree well with the reports in the 
literature of a higher incidence of triplet births among mothers of over 
30. Triplet frequencies for the various age groups of the mothers rise 
with the mother’s age up to 85—89 years, when the frequeney reaches 
its maximum of 0.279 + 0.021 pro mille. The frequency is below the 
average of 0.150 + 0.006 pro mille with all mothers under 30, for 
whom it is only 0.091 + 0.007 pro mille, but is much higher, 0.214 
+ 0.011 pro mille, among mothers of over 30. 

The average age of quadruplets’ mothers in the present material is 
32.5 years, the majority of these mothers being 30—34. A total of 
72 +11 per cent are over 30. These results also agree with reports 
published by various authors that the mothers of quadruplets are 
mostly older parturients. 

Regarding parity, triplet births are most frequent, 55.6 + 2.0 per 
cent, among ti-v-paras and fewest, 17.7 & 1.5 per cent, among primi- 
paras, A particularly conspicuous feature is the paucity of primipara 
triplet mothers. Due to lack of comparative material the distributions 
by parity groups of triplets’ mothers and parturients in general] 
cannot be compared. A comparison can be made for a period of 10 
years only between primiparas and multiparas. In this comparison 
we see that 35.97 - 0.05 per cent of all parturients are primiparas, 
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but of triplets’ mothers only 22.4 + 3.5 per cent are primiparas, This 
is definite evidence of the low number of triplet births among primi- 
paras, 

The greatest proportion of quadruplets’ mothers also are tt-v-paras, 
the smallest proportion primiparas. 

Although the triplet and quadruplet frequency distinetly increases 
with the age and parity of the mother it is impossible to decide which 
of these factors plays the greater part. If it were possible to study 
the combined effect of the two factors, ie. to compare the ages of 
triplets’ and quadruplets’ mothers and that of all parturients by the 
various parity groups, it would be possible to draw some conelusions. 
But no such comparison material is available in Finland. It is for 
this reason that most earlier researchers also have had to leave the 
problem unsolved. 

As regards the sex distribution of the children, the boy : girl ratio 
in the present triplet material is 100.8 : 100. For all children born in 
Finland during the same period the ratio is 106.4 : 100. Henee triplcts 
seem to inelude slightly fewer boys than all births. The difference is 
so small, however, that it cannot be shown statistically. Among the 
quadruplets boys are as numerous as girls but the limited material 
permits of no conelusions. — The results obtained, accordingly, show 
no conflict with the finding of several authors that the preponderance 
of boys seems to decrease in inverse proportion to the number of in- 
fants per birth. 

On ser combinations, it is observed that slightly less than half th 
triplets, 46.0 per cent, are same-sered; boys and girls are approximate- 
ly equally numerous. Reports in the literature indicate a similar pro- 
portion of same-sexed and opposite-sexed triplets. By contrast, thie 
present quadruplet material reveals a lower proportion of same-sercd 
sets than earlier reports. However, the statistics available to most of 
the authors, like the present material, are so small that they have little 
value as evidence. 

No conelusions ean be drawn as to the zygoeity of triplets and quad- 
ruplets since the embryonic membranes have not been examined in 
most of the eases and the majority of the children have died. 

For the study of the prognosis of triplet and quadruplet children. 
prenatal mortality and mortality during the first year of life have 
heen delat with separately. No comprehensive study ean be made ot 
later mortality as the youngest children of the present material are 


no older than 1 vear. 
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Numerous authors have found prenatal mortality to be higher 
among twins than among singletons, and higher still for triplets and 
quadruplets than for twins. The present material confirms this. 
Against @ still-birth rate of 2.3877 + 0.007per cent for the whole 
country the rate for triplets is 12.60 + 0.8 per cent, i.e. some 5 times 
that of all births. — In only 75.0+ 1.8 per cent of the cases were 
all the children born alive; in 3.6 + 0.8 per cent all the children were 
still-births. — The quadruplets of the present material have a prenatal 
mortality somewhat higher still than the triplets, viz. 17 + 4 per cent. 
Among the probable causes of such a high intrauterine mortality rate 
prematurity seems to be the principal one in the present material 
since the majority of triplets and all the quadruplets are premature 
births. In addition, various complications both of preenaney and of 
delivery oceurred in numerous cases; they cannot, however, be ana- 
lysed because of the incomplete and unreliable information available. 

The prognosis of triplets during the first year of life has changed 
considerably in the course of the observation period, 1905—1952. 
Mortality during the first 24 hours has remained approximately 
constant throughout (on an average 19.9 + 1.0 per cent). During the 
first three weeks of life it has dropped very slightly only, averaging 
36.5 + 1.2 per eent. But taking the whole first year of life, a marked 
reduction has oceurred, from 69.9 + 2.9 per cent to 35.3 + 5.8 per 
cent, average 55.1 + 1.3 per cent. If triplet mortality is compared 
with the general infant mortality in Finland, which has dropped 
from 12.28 + 0.03 per cent to 3.36 + 0.04 per cent, it will be found 
that the former has not declined as much relatively as the general 
infant mortality during the first year of life. Triplets, therefore, still 
have sueh poor chances of survival that a little more than half the 
infants only are able to live longer than one year. 

This high mortality also must be attributed mainly to prematurity. 
Although not all the birth-weights of the triplets of the present 
material were known the author feels that the birth-weights of triplets 
born in 1931—1952 provide a relatively reliable representative 
picture. 84.8 +1.3 per cent of these children were prematures i.¢. 
had a birth-weight under 2500 e@, and only 15.7 + 1.3 per cent were 
horn at term. A study of the mortality in the different weight groups 
reveals a decline in mortality at the various periods of age with in- 
creasing birth-weight, as for prematures in general. For instance, all 
triplets weighing less than 1000 @ at birth died before reaching the 
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age of 1 year. For those whose birth-weight ranged between 2001 and 
2500 g the mortality in the first year was 22 +3 per cent. A 


comparison of the mortality of premature and full-term triplets under 


| year of age shows that the mortality rate of the former is 49.6 + 2.1 
per cent, of the latter 19.0+4 per cent. Hence only half the 
premature triplets born in 1931—1952 reached the age of 1 year. But 
full-term triplets also show a mortality rate disproportionately high 
compared with the general infant mortality. 

The prognosis of the quadruplets of the present material is poorcr 
still than that of the triplets. 46 out of a total of 60 children died 
during the first year of life. All the 40 infants whose birth-weiglits 
are known weighed less than 2500 ¢, and only one of them weighed 
over 2000 ¢. Hence prematurity might account for the high mortality. 

Very few points of comparison regarding triplet and quadruplet 
mortality are to be found in the literature, but if the mortality rate of 
the present material is compared with the general premature mortality 
it will be observed that it corresponds approximately to the values 
reported in earlier publications. In reeent years, however, many 
authors have reported much better results. The higher mortality of 
premature multiples has been pointed out e.g. by ALM (1953). YLppd 
(1919) and Buiecen (1953) among others, however, claim that they 
have the same chances of survival as prematures in general. No 
statistics fully corresponding to those for the triplet and quadruplect 
mortality of the present material exist on the total premature 
mortality in Finland, but if the mortality during the first vear of life 
of prematures born in 1949—1950 (which according to unrevised 
information is approx. 32.5 per cent) is compared with the corres- 
ponding mortality of premature triplets (49.6 + 2.1 per cent), the 
former seems lower. This difference is probably due to a great extent 
to the fact that prematures born in recent vears have had better pro- 
spects of being properly treated while the premature triplets born 
earlier were almost with exception denied competent treatment. The 
more numerous delivery complications in multiple births are an 
additional factor deteriorating the prognosis. This factor, together 
with poor conditions, might account also for the higher mortality of 
full-term triplets compared with singletons. 


The results of the present investigation into the mental development 


of triplets and quadruplets are inaceurate but do suggest that a 
fairly high proportion of triplets quadruplets seems to be 
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mentally defective, A marked and quite distinet retardation in mental 
development was visible in 3.4 + 0.8 per cent of the triplet material, 
and a slighter but nevertheless evident retardation in another 3.4 
0s per cent. No statistics have been found in the literature on the 
mental development of triplets and quadruplets but a comparison of 
the results obtained with the values attained for twins shows the 
former to be lower than those reported e.g. by Braxper (19386) but 
higher than those reported e.g. by ALM (1953). [f again a comparison 
is made between the mental development of the triplets of the present 
material and that of the premature materials of various authors, it 
will be seen that the number of mentally defective triplets and prema- 
tures in general are equal in earlier reports. Recently, however, 
several authors have reported much better results concerning the 
psychic development of prematures also. Among the triplets no 
essential difference in’ mental development was observed between 
children with different birth-weights, as BranxpErR (1936) found in 
his premature material. Nor do the oligophrenia frequencies of pre- 
mature and full-term triplets at least show any marked difference. 

The present quadruplet material is too small to permit the drawing 
of general conclusions. 

The faetors responsible for the oligophrenia found in a number of 
triplets and quadruplets remain unknown. It is possible that it might 
result mainly from prematurity and cerebral traumata caused by 
delivery complications, but whether and to what extent hereditary 
factors are of importance in this respeet cannot be decided from the 
present material. 
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XI. Summary 


The purpose of the present work has been to investigate Finnish 
triplets and quadruplets with special reference to the triplet and quad- 
ruplet frequency in the country as a whole and in its various regions, 
hereditary factors, the mother’s age and parity, the sex distributions 
of triplets and quadruplets, the prenatal mortality of triplet and 
quadruplet infants and their mortality during the first year of lift 
and, finally, the subsequent mental development of the surviving 
children. 

The material comprises all the 633 sets of triplets and 20 sets of 
quadruplets born in’ Finland 1905—1952; detailed information, 
however, is missing on 30 sets of triplets and 2 sets of quadruplets. 
The triplet frequency in Finland during this period was 0.157 + 0.006 
pro mille. If we take into aceount only the 603 cases to be reported 
on in detail the frequeney was 0.150 + 0.006 pro mille. 

To obtain a clearer idea of the frequencies of multiple births in 
Finland the veeords have been searched for a longer period, viz. 
1881—1952. The averages arrived at are: twins 14.53 + 0.05. pro 
mille or 1:69; triplets 0.170 + 0.01 pro mille or 1: 5929 = 1: 77: 
quadruplets 0.004 + 0.001 pro mille or 1 : 274625 = 1: 65*. Both 
twin and triplet frequencies show considerable periodical variations 
but they have always remained high, 

On the basis of the present material no- essential difference in 


triplet frequency is discernible between the various regions of tle 


country. The urban triplet frequeney, however, is distinetly lowe 
(0.108 + 0.013 pro mille) than the rural (0.159 + 0.007 pro mill: 
All the quadruplets, what is more, were born in rural distriets, none 


in towns. 


By oceupation the majority (some 68 per cent) of the parents 
triplets and quadruplets belong to the agricultural population; ma 


of them live in poor conditions socially. 
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Among unmarried mothers the triplet frequency is lower 
(0.101 + 0.018 pro mille) than among married mothers (0.154 + 
0.006 pro mille). 

Heredity seems to play a very important role in the present triplet 
and quadruplet material: in 75.1 + 2.3 per cent of the cases of 
triplets multiples were born to the parental relatives. Broken down 
the figures are: in 35.6 + 2.5 per cent of the cases to the maternal 
relatives, in 19.2 + 2.1 per eent to the paternal relatives, and in 
17.0 + 2.0 per cent to both the paternal and maternal families. In 
addition, in 3.38 + 0.9 per cent of the cases the siblings of the triplets 
had multiple births. Moreover, the frequency of recurrent multiple 
births in triplet families is approx. 10 times as high (19.9 += 1.7 per 
cent) as might be expeeted from the general frequeney. 

The parental families of the quadruplets also show a high in- 
cidenee of multiple births, and the quadruplets’ families of recurrent 
multiple births, but the figures are so small that no percentages can be 
quoted. 

The average age of Finnish triplet mothers according to the present 
material is 33.09 + 0.03 years, that of all parturients in Finland 
during the same period only 30.262 + 0.003 years. Thus the triplets’ 
mothers are considerably older than parturients in general. Most 
mothers of triplets (30.4 £1.9 per cent) are aged 35—39, most 
parturients in general (27.297 + 0.022 per cent) 25—29 vears. The 
increasing effect of age on triplet frequency emerges distinetly if the 
said frequeney is determined for the various age groups of mothers. 
It is lowest (0.083 + 0.016 pro mille) among women under 20, 
39. 


- The arcrage age of quadruplet mothers is 32.5 vears; 72 + 11 per 


increasing up to its maximum of 0.237 + 0.027 pro mille at 35 


eont are over 30. 

By parity the triplet mothers are distributed as follows: i-para 
per cent, ii-v-paras 55.6 + 2.0 per cent, vi-xiv-paras 
26.7 + 1.8 per cent. Primiparas thus show the lowest rate and_ti-v- 
paras the highest, but a considerable proportion is constituted by 
mothers who have previously had numerous deliveries. comparison 
of the primipara : multipara ratio for all parturients and for triplet 
mothers in 1941—1950 shows that the former inelude considerably 
more (35.97 + 0.05 per cent) primiparas than the latter (22.4 + 3.5 
per eent). As the combined effeet of the mother’s age and parity. 


eeneral, cannot be 


h among triplet mothers and parturients it 
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studied for lack of comparative material it is impossible to decide 
which of these factors has a greater influence on the rise of triplet 
frequency with age and parity. 

Quadruplets’ mothers also, like triplet) mothers, are most often 
ji-v-paras, least often primiparas. 

As to the ser distribution of triplets, the present material comprises 
906 boys and 899 virls, a ratio of 100.8 : 100. For all children born in 
Finland the boy : girl ratio is 106.4 : 100. On the basis of these ratios 
the preponderance of boys among triplets would seem to be slightly 
smaller than it is for all births, but the difference is so small that it 
eannot be considered of significance. By sex combinations the triplets 
are distributed as follows: 3 boys 23.5 per cent; 2 boys and 1 girl 26.1 
per cent; 2 girls and 1 boy 27.9 per cent and 3 girls 22.5 per cent. 
46 per cent of the triplet sets are same-sexed. 

The quadruplet sets have equal numbers of boys and girls; only 3 
sets out of 18 are same-sexed. 

No conelusions can be drawn as to the zygocity of the triplets and 
the quadruplets as the after-birth was examined in extremely few eases 
only, and in the majority of the sets all or a number of the children 
have died. 

The pre natal mortality of the triplets is 12.60 + 0.8 per cent and 
of the quadruplets 17 + 4 per cent. As the still-birth rate for the 
whole country during the same period was 2.377 + 0.007 per cent the 
intrauterine mortality of triplets is approx. 5 times as high as that of 
all infants. The rate for quadruplets is somewhat higher still than 
that for triplets. 

All three children were born alive in 75.0 + 1.8 per cent, at least 
one child was born alive in 96.4 + 0.8 per cent, and all the children 
wwere still-births in 3.6 + 0.8 per cent of the sets of triplets. — The 
whole set of quadruplets was born alive in 11 eases out of 18 and was 
still-born in 1 ease. 

The average mortality of the triplets in 1905—1952 up to the cid 
of their first year of life is as follows: during the first 24 hours 
19.9 + 1.0 per cent, during the first 3 weeks of life 36.5 + 1.2 por 
eent, and during the first year of life 55.141.8 per cent. The 
mortality during the first 24 hours and the first 3 weeks of life las 
remained approximately constant throughout the period, but mortality 
during the first vear of life has dropped from 69.9 + 2.9 to 35.3 4 0.8 


per eent. A comparison of triplet mortality with the general infant 
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mortality in Finland, which has dropped from 12.28 + 0.03 to 
3.36 + 0.04 per cent shows that infant mortality during the first year 
of life has declined more than the corresponding triplet mortality 
rate. While 3 children were live-births in 77.8 + 1.7 per cent of the 
eases in whieh one individual of the set at least was alive at birth, the 
complete set was alive at the age of 1 year in only 118 cases, i.e. 
20.3 + 1.7 per cent. In 30 cases one or more of the infants have 
subsequently died, leaving only 88 complete sets of triplets aged 
over 1 year now alive in Finland. 

As regards the birth-weights of triplets, 84.3 + 1.3 per cent of the 
infants born in 1981—1952 weighed less than 2500 g at birth and only 
15.7 +1.3 per cent over 2500 g. The mortality grows in inverse 
proportion to the birth-weight. For infants weighing under 1000 g it 
is 100 per cent at the age of 1 year, for those weighing 2001—2500 ¢ 
22 + 3 per cent. For all premature triplets the corresponding mortal- 
ity is 49.6 + 2.1 per cent and for all full-term triplets 19.0 + 4 
per cent. 

The quadruplet mortality rate is higher still than the triplet: only 
14 out of 60 infants reached the age of 1 year, and only one complete 
set of quadruplets has survived. All the quadruplet infants weighed 
less than 2500 ¢@ at birth, and all those with a birth-weight of under 
1000 @ died under 1 year of age. 

A total of 6.8 + 1.2 per cent of the triplets of the present materia] 
are cerebrally defective. Idioey or marked imbecility was encountered 
in 34+ 0.8 per cent and a less serious retardation of mental deve- 
lopment in another 3.4-£0.8 per cent of the triplet infants. No definite 
interrelation is discernible between birth-weight and the mental defect 
frequency. Nor does the proportion of individuals affected with 
oligophrenia seem to be higher, at least not essentially higher, among 
premature than among full-term triplets. 

One of the 10 surviving quadruplets is cerebrally defective. The 
others seem mentally normal. 
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Professor Arvid Wallgren 


The high standard of pediatrics in Sweden has been proverbial. Ever 
since the time of NILS RosEN VON ROSENSTEIN, born in 1706, who is rightly 
considered the first pediatrician of note, the Swedish nation has continued to 
make important contributions to child health and the science of pediatrics. 
In the social aspects of pediatrics, too, Sweden has made many important 
contributions in recent decades. Somehow new leaders appear when Father 
Time calls away the old men. 

We come now to the present and we find that Sweden is still out in the 
vanguard of pediatric progress in the figure of Professor ARVID WALLGREN, 
whom we are honoring in this Festschrift. 

Professor WALLGREN was born on October 5, 1889. Twenty-five years 
later he received his license to practice medicine, and in 1918 on the basis 
of his thesis, ‘The Clinical and Experimental Pathology of Tuberculosis,” 
he was awarded the degree of Doctor of Medicine. For 6 years, from 1914 
to 1920, he served as a resident in the various university clinics in Uppsala 
and was an assistant in the Neurological Institute in Stockholm, 1920- 
1921. In 1921 he was appointed Assistant Professor in Internal Medicine 
at Uppsala and from there went to Gothenburg, as head of the Children’s 
Hospital. He remained there until 1942 when he was called to his present 
position in Stockholm as Professor of Pediatrics at the Caroline Institute, 
the highest academic honor a pediatrician can reach in Sweden. Even before 
1942, Dr. WALLGREN had attained an international reputation as indicated 
by his lecturing in the United States in 1934, in England in 1937 and in 
Ireland in 1939. It was my good fortune to visit his clinic in Gothenburg 
in 1937. I was impressed with the careful clinical work that was being done 
in his clinic on the primary tuberculous infections of the infant and the 
child, 

This leads me directly to what I consider Professor WALLGREN’s greatest 
contribution to medicine, his follow-up studies and his popularization of 
the value of BCG in the prevention of fatal tuberculosis. Although BCG 
was introduced by Professors CALMETTE and GUERIN, it was the Seandina- 
vial countries that really brought out the evidence that finally made BCG 


vac ination a world-wide procedure in the fight against tuberculosis. Dr. 


WALLGREN was the outstanding pediatrician in this battle. His many pu'lic- 


ations on BCG, published in many languages, are evidence of the w«rld- 
wide effect of his studies. In addition to his many studies on BCG and tuber- 
culosis, he has published numerous articles on pyloric stenosis, myeloma, 
poliomyelitis, pneumonia and many other subjects, among which I want, 
in particular, to emphasize his contributions to social pediatrics, a theme 
which has characterized Swedish pediatrics in recent decades. As evidence 
of this interest in the disciplines related to pediatrics is his Presidency of 
the Swedish Association of Children’s Welfare, the Save the Children Fund, 
the National League Against Tuberculosis, and the Swedish Red Cross 
Committee on Tuberculosis, as well as his acting as Counsellor to the Swedish 
State Board of Public Health. 

His great interest in pediatric publications is manifested by his editor- 
ship of Acta Paediatrica and his international interest as a member of the 
editorial boards of many other scientific journals. 

His wide experience in many diseases of childhood, but, in particular, 
his work on BCG and tuberculosis, brought him calls to lecture from many 
countries—Paris, Lisbon, Vanderbilt University, and many other Ameri- 
can universities, as well as Madrid, Rio de Janeiro, Montevideo, Buenos 
Aires and Santiago. Dr. WALLGREN is a member of the Executive Board of 
the International Children’s Center and a member of the Executive Com- 
mittee of the International Pediatric Association. He is an honorary member 
of the American Academy of Pediatrics and American Pediatrie Society and 
as far as I know he got the same sign of appreciation from not less than 
another 21 foreign associations. 

Honorary degrees have been awarded to Dr. WALLGREN by the Sorbonne 
at Paris and by the Universities of Ziirich (Switzerland), Algiers (Algeria), 
Santiago (Chile), Havanna (Cuba) and Cardiff (Wales). 

It has been my privilege to have been associated with Dr. WALLGREN 
in a number of international projects and to know from experience his sound 
judgment, his friendliness and, in particular, his great interest in the i:ter- 
national welfare of all children. I consider it a special privilege to have }:een 
allowed to speak for the pediatricians of the world in offering him our 10st 


heartfelt congratulations on this happy occasion and extending to hin: all 


of our good wishes for many more years of activity in his chosen fiel: of 


pediatrics. 
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Ein Vergleich zwischen Lungentuberkulésen und Gesunder hinsichtlich tuber- 
kuléser Exposition im Kindesalter. Beitr. Klin. Tuberk. 34: 179, 1915. 

(ber Spontanpneumothorax als eine zu den kinstlichen Pneumothorax hinzu- 
tretende komplikation. Beitr. Klin. Tuberk. 35: 319, 1916. 

Uber die Fortleitung von Reibegeriuschen. Beitr. Klin. Tuberk. 38: 83, 1917. 


. Om optochinbehandling vid pneumoni. Upsala likaref. forh. 22: 308, 1917. 


Bidrag till tuberkulosens kliniska och experimentella patologi. Upsala likaref. 
forh. 22: Suppl., 1918. 
Méningite cérébrospinale avec néphrite aigué simulant lurémie. Acta med. 


seandinav. 53: 193, 1919. 


. Quelle valeur doit-on attribuer au syndrome de Froin au cours d’une méningite 


cérébrospinale épidémique? Acta med. scandinav. 53: 303, 1919. 


. Croup och influensa. Svenska likartidn. 17: 38, 1920. 


in collaboration with H. LAuRELL: Untersuchungen iiber einen Fall einer eigen- 
artigen Skeletterkrankung (Osteosclerosis fragilis generalisata). Upsala likaref. 
forh. 25: 309, 1920. 

Notes cliniques sur la réaction méningée de la poliomyélite aigué. Acta med. 
seandinav. 54: 117, 1920. 

Acute leukaemia in pregnancy; an argument against the theory of infectious 
origin of the disease. Acta med. scandinav. 54: 133, 1920. 

Untersuchungen iiber die Myelomkrankheit. Upsala likaref. forh. 24, 403, 1920. 
lakttagelser rérande hilsotillstandet hos personer i en encephalitsmittad miljé. 
Svenska laikartidn. 1/8: 297, 1921. 


. Om resistensen mot tuberkulos vid spid Alder. Svenska likartidn. 78: 381, 1921. 


Zur Differentialdiagnose zwischen beginnender Poliomyelitis acuta und akuten 
Meningitiden. Neurol. Centralbl. 40: 22, 1921. 


. Om den Bence Jones’ska diggvitekroppen. Hygiea 83: 1, 1921. 


Om ryggmiirgstumérer. Oversikt. Hygiea 83: 385, 1921. 

Zur Symptomatologie und Pathogenese des Oedema scorbuticum invisibile. 
Z7tschr. Kinderh. 317: 35 1921. 

Zur Wahl der Versuchstiere fiir experimentelle Tuberkulosestudien. Beitr. Klin. 
Tuberk. 47: 423, 1921. 

fuberkulése Lymphome und Lungentuberkulose. Beitr. Klin. Tuberk. 40: 
164, 1922. 

as Stethoskop als Mass-Stab. Beitr. Klin. Tuberk. 57: 57, 1922. 

Der Arzt als Bazillentriger bei Poliomyelitis? Upsala likaref. forh. 27: 45, 
1922. 

Om Pirquets nutritionslira. Upsala likaref. forh. 27: 53, 1922. 

Epidemisches Auftreten von Erythema nodosum. Beitr. Klin. Tuberk. 53: 143, 
1922, 


l. 
9 
3. 
|_| 6. 
9, 
|_| 
m- 
er I. 
nd 19. 
an 13. 
ne 
15: 
a), 
16 
BN 7. 
IS. 
nd 
19, 
en 
20. 
st 
ill 2) 
of 22 


PUBLICATIONS 


Eine seltene Halswirbelanomalie. Zentralbl. Chir. 49: 1578, 1922. 


Uber Schmerzen bei Kaudatumoren. Deutsche Ztschr. Nervenh. 78: 107, !922. 
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Problems in the prevention and detection of tuberculosis. Tuberculosis in the 
Commonwealth. London, p. 263, 1949. 

Functional development during infancy. Acta piediat. 38: 637, 1949. 
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Reviews of some topics representing major interests 


in Wallgren’s scientific work 
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From Séderby Sjukhus, Uttran, Sweden. 
(Director: Docent TorstEN Bruce, M.D.) 


BCG Vaccination in the Fight Against Tuberculosis 
to) o 


by GUNNAR DAHLSTROM 


When WALLGREN, in 1927, introduced the intracutaneous method, 
he was establishing a solid basis for the more extensive use of BCG 
vaccination. He has since presented about forty papers setting forth 
his views on and experience with that mode of vaccination, and for- 
mulating the principles upon which its use today is founded. Thus 
WALLGREN has contributed, perhaps more actively than any other 
living investigator, to the advancement of protective inoculation 
against tuberculosis. 


The first trials of BCG vaccination in human beings were conducted in 
France by WEILL-HALLE in 1921 (WEILL-HALLE and TuRPIN, 1925). A few 
years later CALMETTE (1927) reported studies in which the vaccination was 
said to have had a good effect in a series of children. These studies, however, 
had weak points: the observation periods were too short, the follow-up 
examinations unsatisfactory, and there were no controls. A scientific discussion 
arose in connection with CALMETTE’s results—a discussion to which WALLGREN 
contributed a critical appraisal in Acta Paediatrica (1927). WALLGREN demon- 
strated weaknesses in CALMETTE’s series and its treatment. Incidentally, this 
appears to have been WALLGREN’s first paper of international importance on 
BCG vaecination. He also treated therein the theoretical background of 
(ALMETTE’s method and disproved the latter’s view that BCG vaccination 
was effective even if it failed to produce a positive tuberculin reaction. 
WALLGREN wrote: “Tl semble positivement inconciliable avec nos connaissances 
scientifiques actuelles qu’une immunité spécifique puisse étre provoquée par 
vaccination au moyen de bacilles tuberculeux vivants, sans qu’on observe 
une allergie tuberculinique.” 


Methods of Vaccination 


Ii: the initial vaccinations in France the vaccine had been administered by 
month. With this procedure the dosage, especially in children, is bound to be 
unl ‘iable; and even the earliest investigations showed that with this method 
ap sitive tuberculin reaction following vaccination was obtained in only a 
few per cent of the vaccinated subjects—a state of affairs that CALMETTE 
dec ied to be of no consequence. 
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Subcutaneous injection of the vaccine was also tried at an early stage; in 
France in 1924 (WEILL-HALLE and TURPIN, 1925), and in Norway in :926 
(HEIMBECK, 1928). A far greater proportion were found to be tuberc:ilin- 
positive with this method than with the oral method; however, it had the 
disadvantage of producing, fairly often, distressing local cold abscesses. 

Hence it constituted a very important technical advance when WALLG?EN, 
working at the Children’s Hospital at Gothenburg in 1927, commenced to 
use intracutaneous administration of the vaccine—the first to do so (WALL- 
GREN, 1928). In detailed studies he tried varying doses of vaccine with this 
method, and found that 0.05 mg was an adequate standard dose. This, indeed, 
is the dose that is still used today. With this dosage and intracutaneous in jec- 
tion, local complications of any note were rare. 

WALLGREN demonstrated, too, the existence of considerable individual 
variations in sensitivity to the vaccine, and he investigated the interval 


between vaccination and positive tuberculin reaction as well as its relationship 
to the dose employed. Intracutaneous vaccination is almost invariably followed 
by a positive tuberculin reaction within 6—8 weeks. WALLGREN himself has 
often pointed out that although the exact relationship between tuberculin 
sensitivity and acquired immunity to tuberculosis is not clear, we do know 
that the two phenomena are associated; and he has asserted that this positive 
tuberculin reaction is a sine qua non of successful BCG vaccination. A vacci- 
nated subject who has not become tuberculin sensitive after a few months 
should be reinoculated with a higher dose. This view has, in the course of the 
years, gained increasing support, and probably BCG vaccinations today are 
followed up with tuberculin tests wherever possible. 

Intracutaneous vaccination very soon gained general acceptance and is 
the method that has almost exclusively been used in those investigations 
which have shown the value of BCG vaccination. WALLGREN’s work has 
unquestionably been of fundamental importance in the field of BCG vaccina- 
tion and has contributed substantially to the development of that method 
as an agent against tuberculosis which today is universally recognized. 

In the years that followed this pioneering work, many other methods of 
vaccination were tried. The multipuncture method of ROSENTHAL (1937)— 
with a modification by BrirKHAUG (1947), who employed a spring-actu:ted 
apparatus—has been much discussed and used. In recent years ROSEN? HAL 
(1950) has designed an instrument having a toothed steel disc operated !y a 
magnet, thus simplifying the procedure still more. A number of authors |:ave 
reported positive tuberculin reactions in 98—99 per cent with this me‘ hod 
(BIRKHAUG, 1944; BOE, 1948; ROSENTHAL, 1948). MALMROS (1948), however, 
found only 57 per cent positive reactors after vaccination by BirkKH.\ G's 


method in a series of children. 
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A modification of the multiple puncture method is the scarification tech- 
nique of NEGRE and BRETEY (1947), which resembles that used in vaccination 
against smallpox. 

The advantage of these methods lies in their simplicity; a drawback, on 
the other hand, is the inexact dosage. 

The oral method has never been abandoned entirely; for instance, it has 
heen extensively employed in Brazil, where two million people are estimated 
to have been vaccinated since 1927 (ROSEMBERG, 1953). In that country < 
divided oral vaccination with six monthly doses of 0.1—0.2 g BCG vaccine 
has been developed in recent years (DE ASSIS, 1948). This method has even 
been used on infants exposed to tuberculosis, without isolating them; and 
vaccination has then been concurrent with exposure. The method has also 
heen called coneurrent BCG vaccination (HANAUT, 1953). This divided vac- 
cination does not appear to produce positive tuberculin reactions to any 
major extent, though good results have been reported. 

As evidence of the protective effect of the method ROSEMBERG (1954) 
presents the following figures, based on a few series from Rio de Janeiro and 
Sio Paulo, where tuberculosis is very common. The morbidity in tuberculosis 
was 23.7 per cent, and the mortality 15.4 per cent, among non-vaccinated 
children. In children vaccinated by a single oral dose the figures were 6.7 
and 2.2 per cent respectively, while in children who underwent concurrent 
vaccination the morbidity and mortality were both 0.12 per cent. The value 
of this comparison is marred by the absence of a detailed description ef the 
series and of follow-up examinations. 

More impressive is the report that no cases of specific disease occurred 
among 401 newborns, vaccinated with six monthly doses, who lived in a 
tuberculous environment in big cities with heavy tuberculosis morbidity 
rates and who were carefully observed for periods ranging from 6 months to 
6 years. 

The results are unquestionably interesting and should lead to further 
experimental and clinical research. 

There seems to be no occasion, however—in Scandinavia, at least, with 
the experience of intracutaneous injections possessed by doctors and nurses 
ther.—to abandon the well-tried intradermal method. Above all, there is 
still every reason to adhere to the requirement that BCG vaccination, at all 
events with single doses, must produce a positive tuberculin reaction if it 
is t) be considered successful. As long as no method exists of determining an 
acquired resistance directly, the positive tuberculin reaction nevertheless 
cons‘itutes indirect evidence that the vaccination has succeeded. 
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BCG Vaccination in Practice 


Just as WALLGREN’s intracutaneous method has been of fundani«ntal 
importance in BCG vaccination, so have the forms in which he practised it 
from the outset set the standard for vaccination work throughout the world. 

WALLGREN early formulated three principles on which, he considered, the 
use of BCG vaccination should be based. The first of them I have already 
referred to: BCG vaccination should be followed by a positive tuberculin 
reaction, and in practice we should proceed as though there were no immunity, 
after vaccination, without tuberculin sensitivity. The second princijle is 
that negative tuberculin reactors only should be vaccinated, and hence that 
BCG vaccination without preliminary tuberculin testing ought to be reserved 
for newborns alone. If a person may be assumed to have been exposed to 
virulent infection, vaccination should not be undertaken until such a person 
has been isolated from the source of infection for six weeks or more and has 
reacted negatively to further tuberculin testing. The third principle, lastly, 
is that a vaccinated subject must be shielded from virulent infection until 
protection has developed, i.e., for six to eight weeks. 

The reason for the two last-named rules is not that BCG vaccination may 
be associated with risks if it is performed during the incubation period of a 
virulent infection, or in the event of a virulent infection during the ineub:tion 
period of the vaccination, but that vaccination under such circumstances is 
meaningless and that vaccination coinciding with primary tuberculosis may 
bring discredit on the method. 

These rules now seem self-evident to us, and they are applied, at all events 
in Scandinavia, wherever the situation permits; but to WALLGREN the credit 
is due for having introduced them and having demonstrated their import:nce. 

Since BCG vaccination has now gained wide recognition and is a routine 
prophylactic measure against tuberculosis in many parts of the world, it has 
been necessary under special circumstances to modify the rules—as, for 
example, in mass vaccinations, vaccination of military personnel, etc., w here 
isolation of individuals is impracticable. Here one has to content oneself 
with selection of the negative reactors at a given time, and vaccination of 
them immediately after the tuberculin tests. WALLGREN (1947) hiinself 
suggested a departure from the rules in certain individual cases, proposi'g to 
perform BCG vaccination, where external conditions made isolation diff ‘cult, 
immediately after tuberculin testing had shown the individual to be neg: ‘ive. 
Wherever possible, however, the vaccinated subject should be isolated ‘rom 
known sources of infection until BCG protection has developed. In a cov try 
having a well-organized system of tuberculosis clinics it is nearly al:vays 
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possible to arrange satisfactory isolation by co-operation between the clinics 
and child welfare organizations. 


Efficacy of BCG Vaccination 


BCG vaccination has, even in recent years, been regarded with considerable 
scepticism, especially in Britain and the U.S.A. (WILSON, 1947; MYERS, 1952). 
As recently as 1948 virtually no BCG vaccination occurred in Britain (IRVINE, 
1949). The reason is to be sought in criticism directed, chiefly on statistical 
sounds, against reported investigations into the efficacy of BCG vaccination, 
and in the view that this vaccination tends to relax the efforts to detect and 
isolate sources of infection and obstructs the endeavor of physicians to keep 
infectious patients in sanatoria. 

Of major importance in this connection was a paper by WILSON (1947) in 
the British Medical Journal, in which he criticized every reported BCG 
vaccination series, rejected their conclusiveness, and drew the conclusion 
that the documentary evidence so far available was insufficient to allow any 
estimate to be made of the degree of protection BCG vaccination afforded 
or even to prove conclusively that, in a civilized population, it had any pro- 
tective effect at all. This paper evoked an immediate and vehement response 
from WALLGREN (1948), in whose opinion it was of minor importance whether 
or not the degree of immunity could be measured, provided only the effect 
was Clinically satisfactory; and this was demonstrated, for instance, by the 
fact that in Scandinavia tuberculous meningitis had never been observed in 
acorrectly vaccinated child. WALLGREN also called attention to misstatements 
in WiLSON’s article. MALMROS (1948), too, entered the discussion in defence 
of BCG vaccination. 

There has since been some change of opinion in Britain. In 1949 the Minister 
of Health approved proposals by local health authorities to enable BCG vac- 
‘ination to be given to persons who were known to have been in contact with 
tuberculous infection. In 1953 the Minister was prepared to approve the 
extension of these arrangements so that the authorities might offer BCG 
vacciiiation to older school children. 

In seeking to evaluate BCG vaccination in relation to antituberculosis 
ieasures as a whole, we should first try to appraise, roughly at least, the 
merits of the method under varying conditions—in countries with high and 
others with low tuberculosis morbidity rates, ete.—besides elucidating its 
value for various occupational groups and sections of the population. 

At a relatively early stage several studies were reported which argued 
‘tron ly in favour of BCG vaccination; but not until recent years have there 
been any investigations including statistically acceptable control series. A 
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brief review of a few of the more illustrative investigations, with respe:t to 
the protective effect of BCG vaccination, may be justified. 


BCG vaccination was first used on infants, whose susceptibility and low 
resistance to tuberculosis have long been known. 

In 1934, WALLGREN reported the results of his vaccinations at Gothen)urg, 
The infant mortality from tuberculosis, he showed, fell very conspicuously just 
at the time when the vaccinations were carried out. During three consecutive 
five-year periods it had been 4.3, 4.2 and 3.4 per thousand respectively, but 
after the introduction of BCG vaccination it fell to 0.3 per thousand. Moreover, 
none of the children who died of tuberculosis had been BCG vaccinated. The 
general tuberculosis mortality rate had also fallen during that period, though 
not by any means to the same degree. 

WALLGREN himself pointed out that it was impossible to say exactly to 
what degree BCG vaccination was responsible for this fall in the infant mor- 
tality rate for tuberculosis. He stated, however, that although many vaccinated 
children had been isolated for the first three months after vaccination, they 
had thereafter been exposed to tuberculous infection without acquiring 
primary tuberculosis, and that no other known prophylaxis had been capable 
of producing such results. 

The results of the investigation have been interpreted in the same way by 
many phthisiologists; and WALLGREN’s studies, together with those of HErM- 
BECK from Norway, are among those which did most at an early stage to 
convince the medical authorities of various countries that BCG vaccination 
was worth trying. 

Among numerous more recent investigations into the effect of BCG vaccina- 
tion of children is ROSENTHAL’s (1950) well-controlled study of infants from 
tuberculous families. The selection of children for the vaccinated and control 
groups conformed to strict statistical principles; isolation following vaccination 
was satisfactory and the same in both groups. The development and state of 
health of the children were followed in detail, wherefore the series, not with- 
standing its relatively small size, is of the greatest interest. Vaccination was 
done with ROSENTHAL’s method. 

There were 131 vaccinated infants observed for 459 person years an: 128 
control-group infants observed for 459 person years. In the vaccinated <roup 
there were three patients with roentgenographic evidence of tuberculosi-: one 
was hospitalized and recovered. 

In the control group there were six children with roentgenographic evi ‘ence 
of tuberculosis, four of whom were hospitalized, and three of whom dvd of 


generalized tuberculosis. 
The value of BCG vaccination was also clearly demonstraded by I) -CKIE 
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(1952) in a report from WALLGREN’S clinic. He described 16 families in which 
some children were vaccinated with BCG and others not, and in which all had 
been exposed to a known source of infection. Among 22 children in the non- 
vaccinated group 21 developed primary tuberculosis. In the BCG-vaccinated 
group With 22 children, two at most showed some evidence of superinfection. 

A very illuminating example of the value of BCG vaccination in older 
children and young adults is the well-known investigation conducted by HYGE 
(1947, 1949) into an epidemic of tuberculosis in a Danish State school for 
young girls in 1943. The girls had been exposed to tuberculous infection from 
a teacher with open tuberculosis. HyGE presented, in 1949, the following 
findings after five years’ observation. Among 106 BCG-vaccinated pupils who 
had been exposed, there occurred two cases of pulmonary tuberculosis, both 
with cavitation; but no other tuberculous disease. Among 94 tuberculin- 
negative pupils who had been exposed, there were eight cases of erythema 
nodosum, ten cases of exudative pleurisy, one case of pericarditis and one 
case of peritonitis. Primary lesions of the lungs were observed roentgenologi- 
cally in 36 cases. Postprimary pulmonary tuberculosis occurred in 11 cases, 
being cavernous in seven. One girl died of generalized tuberculosis. 

BCG vaccination was early tried on nursing personnel, and several important 
investigations have been conducted on such groups, in which there has been 
ample possibility of control and follow-up examination. 

Two such investigations of note will be touched upon here. HEIMBECK 
(1948), during the period from 1924 to 1926, studied the morbidity from tuber- 
tulosis among 151 Norwegian student nurses who had shown positive tuber- 
culin reactions at the start of their training. Two cases of tuberculosis occurred 
in this group, whereas no fewer than 51 of 185 pupils who were tuberculin- 
negative acquired some form of tuberculosis during their three-year training 
period. In view of this excessive morbidity rate, HEIMBECK embarked upon 
BCG vaccinations at the training school. He has reported his results in various 
papers. In a summary read before the First International BCG Congress in 
Paris in 1948, he reported that of 284 tuberculin-negative student nurses with 
a total of 687 person years of observation during the training period, 97 
acquired some form of tuberculosis and ten died, these figures representing a 
morbidity rate of 141.2 and a mortality rate of 14.6 per thousand person years 
of observation. Among 501 student nurses, originally tuberculin-negative but 
BCG vaccinated, with a total of 1,450 years of observation, there occurred 
39 Cases of tuberculosis and three deaths from that disease, corresponding to 
4mo: bidity rate of 24.1 and a mortality rate of 2.1 per thousand observation 
years. In the vaccinated group the morbidity, therefore, was less than one- 
nint!, and the mortality from tuberculosis approximately one-seventh, of 
that n the unvaccinated tuberculin-negative group. 
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FERGUSON (1946) conducted a similar investigation at hospitals in Canada, 
In an unvaccinated group of 759 student nurses, with a total of 1,026.9 
person years of observation, 29 cases of tuberculosis occurred; in a vaccinated 
group of 1,005 with 2,434.4 observation years there were nine cases. The 
tuberculosis morbidity in the vaccinated group was, therefore, scarcely one- 
fourth of that in the unvaccinated group. The differences in favour o/ the 
vaccinated subjects were statistically significant. 

These two investigations should make it clear that BCG vaccination has a 
definite protective value for nursing personnel, and hence also for other 
sections of the population running a relatively great risk of exposure. 

A study of the efficacy of BCG vaccination in military personnel was re- 
ported by DAHLSTROM and DiFs in 1951. They studied the morbidity of 
various tuberculous diseases and the mortality from tuberculosis among 
36,235 BCG-vaccinated and 25,239 unvaccinated conscripts. The vaccinated 
men had not been segregated following vaccination. 

With the help of the “time table of tuberculosis’? (WALLGREN, 1948) it is 
possible to caleulate when any possible effect of vaccination should be ob 
served on the morbidity from primary tuberculosis, tuberculous pleurisy, ete. 

The incubation period of BCG vaccination is 5—6 weeks. If a person acquires 
a virulent infection immediately before that period, a further 5—6 weeks 
will elapse before any eventual primary tuberculosis is manifested. Any 
effect of BCG vaccination should, therefore, bring about a definite fall in the 
primary tuberculosis morbidity within 10—12 weeks after vaccination. 

The incidence of pleurisy reaches its maximum during the third month 
after the primary tuberculosis, and a distinct effect of BCG vaccination on 
the pleurisy morbidity rate might therefore be anticipated 6 months «after 
vaccination. 

In the aforementioned military series, 0.47 per thousand of the vaccinated 
soldiers and 3.33 per thousand of the tuberculin-negative controls acquired 
primary tuberculosis as from the fifth month of the observation period, when 
any possible effect of BCG vaccination is bound to be reflected in the pri:ary 
tuberculosis morbidity. The difference was statistically significant. The 
morbidity was accordingly reduced in the BCG group, by comparison with 
the control group, in the ratio of 1:7. 

During the first six months of the observation period, 1.44 per thousaid of 
the vaccinated subjects and 1.43 per thousand of the unvaccinated co: ‘rols 
fell ill with tuberculous pleurisy. The corresponding figures as from the se. °nth 
month of the observation period were 1.27 and 5.75 per thousand respect’ ely. 
The difference was statistically significant. The pleurisy morbidity durin: the 
latter period was accordingly reduced in the vaccinated group, by comp ison 
with the control group, in the ratio of 1:5. 
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As from the seventh month of the observation period demonstrable post- 
primary pulmonary tuberculosis occurred in 0.41 per thousand of the vaccinated 
subjects and 1.46 per thousand of the unvaccinated controls. This difference, 
too, was statistically significant. The morbidity of this very important form 
of tuberculosis was therefore reduced in the ratio of 1:3.6. 

Acute miliary tuberculosis or tuberculous meningitis occurred in 0.08 per 
thousand of the vaccinated and 0.52 per thousand of the unvaccinated sub- 
jects. Two of the three cases in the vaccinated group had been infected with 
certainty, and the third in all probability, before the vaccination had afforded 
protection. 

The total mortality from tuberculosis was 0.50 per thousand in the vaccinated 
and 1.51 per thousand in the unvaccinated group, the difference being 
statistically significant. A detailed study of the fatal cases showed that 11 of 
of the 18 soldiers in the vaccinated group who died had been infected, with 
certainty or in all probability, before BCG protection had developed. 

In evaluating the effect of BCG vaccination in this series, it must be taken 
into account that the subjects were not isolated after vaccination and that, 
at the follow-up investigation, no attention was paid to whether the vaccinated 
subjects had been positive or not. The results probably approximated to 
those that might be expected in mass vaccination. 

It has been easier, for natural reasons, to study the effect of vaccination 
in special groups of the above character than in a general population. 

A good study of a general series referable to a tuberculosis clinic is that of 
TORNELL (1947), in which he reported experience with BCG vaccination at 
such a clinic in a medium-sized Swedish industrial town. The followed-up 
cases included 707 persons—72 per cent children and 28 per cent adults— 
who had undergone BCG vaccination. Twelve of these had certainly been 
infected during the incubation period of vaccination, and six of them acquired 
some form of tuberculosis. A total of 102 had been exposed to tuberculous 
infection after the incubation period, and two of them developed tuberculosis. 
The mean observation period in this group was 2.4 years. Among 593 vac- 
cinated subjects with no known exposure to tuberculous infection, no case of 
tuberculosis occurred; the mean observation period here was 4.4 years. 

TORNELL reported, as a comparison, that of 32 unvaccinated tuberculin- 
hega ive reactors who had certainly been exposed to tuberculous infection, 
20 ((> per cent) acquired tuberculosis; the mean observation period was 4.6 
years. Of 87 tuberculin-negative reactors with no known exposure, three 
deve sped the disease, the observation period being 7.1 years. The figures for 
the invacecinated subjects are minimum ones, since no complete follow-up 
Was one in those cases. 

O » of the best and most widely known investigations into the effect of 
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BCG vaccination was conducted by ARONSON and PALMER (1946). The series 
consisted of North American Indians from tribes having high tuberé losis 
mortality rates. In 1952, ARONSON and ARONSON reported the morta! ity in 
the vaccinated and unvaccinated groups during the 15 years whic. had 
elapsed since the investigation opened. 

Among the 1,551 vaccinated persons observed for a total of 21,245.5 person 
years, 12 died of tuberculosis, a rate of 0.56 per thousand person ye:rs of 
observation. Among the 1,457 controls observed for a total of 19,520.5 person 
years, 65 died of tuberculosis, a rate of 3.32 per thousand person years, 
Among the vaccinated persons and controls 59 and 63, respectively. died 
from non-tuberculous causes, rates of 2.77 and 3.22 per thousand person 
years of observation respectively. 


In view of all the findings outlined in the foregoing, it can scarcely be 
doubted today that BCG vaccination confers immunity that may prevent 
sequelae of tuberculous infection. It is also evident, however, that this 
acquired immunity is not absolute but may be broken through under un- 
favourable conditions. A BCG-vaccinated person nevertheless has far better 
prospects of avoiding tuberculous disease after being infected than has an 
unvaccinated tuberculin-negative reactor of the same age. 

It has also been demonstrated, in recent years, that BCG vaccination has 
been able to influence favourably the course of primary tuberculosis and 
tuberculous pleurisy in those who have acquired such diseases in spite of 
vaccination (DAHLSTROM, 1953). In the same series—a series of conscripts— 
no difference in prognosis could be found between BCG-vaccinated and non- 
vaccinated individuals who had developed postprimary pulmonary tuber: 
culosis. 

The complications of BCG vaccination are negligible; the local abscesses 
associated with intracutaneous inoculation are, in Sweden at least, so rare 
and easily dealt with that they have never affected interest in vaccin: ition. 
In a few cases—which is more serious—lupus vulgaris has developed froin the 
site of vaccination, though it has healed without any lasting ill effects. 

In 1953, for the first time in all the years that BCG vaccination has been 
used, a case was reported in which there was reason to suspect that inocu! ::tion 
of BCG in a person with extremely poor native resistance had prod iced 
atypical tuberculosis localized to the lymphatic system, which led to «cath 
(MEYER, 1953). Even if this fatal case is attributed to BCG vaccinatio:.. we 
can still subscribe to the opinion expressed by GRIESBACH (1954) that «f all 
active methods of immunization, BCG inoculation is that which show . the 
least number of complications, and hence is the least dangerous. 
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Comments and Conclusions 


It is not possible to calculate exactly the degree of the protection or the 
advantages that BCG vaccination may confer under varying conditions. 
Nevertheless, it is important—and tempting—on the basis of our present 
knowledge and experience to attempt an evaluation of BCG vaccination in 
relation to other prophylactic measures against tuberculosis. 

Manifestly the need of vaccination is bound to vary with varying epidemio- 
logical conditions. At times of vehement discussion on the value and justifica- 
tion of BCG vaccination, its opponents have asserted that other prophylactic 
measures have been neglected in favour of vaccination. However, no such 
tendencies have ever been observed in the Northern countries, where it has 
always been emphasized that BCG vaccination is neither infallible nor the 
only effective prophylaxis. An example is the following excerpt from WALL- 
GREN’s Frederick Price Lecture, delivered at the Royal College of Physicians, 
Edinburgh, in 1951 (WALLGREN, 1952): 


BCG vaccination is no panacea which is in itself sufficient to abolish tuberculosis 
in a community, an opinion which might perhaps have arisen as a result of an exag- 
gerating propaganda. BCG vaccination is only one part in the scheme of the anti- 
tuberculous campaign. Other measures are more important, namely, measures aiming 
at preventing tuberculous infection, at increasing the natural resistance of the popula- 
tion by a satisfactory standard of living, at the early detection of tuberculous disease 
and viving everyone in need of it adequate treatment. 


In Seandinavia the morbidity and mortality from tuberculosis have shown 
a very substantial fall in recent decades. At the beginning of this century the 
tuberculosis mortality in Sweden was 1.91 per thousand; in 1934, 1.02 per 
thousand; in 1944, 0.67 per thousand; and in 1953, 0.15 per thousand. The 
morbidity rate has not fallen to the same degree; in 1944, the number of 
tuberculosis cases known at the tuberculosis clinics was 15.5 per thousand, 
and in 1952, 10.9 per thousand. 

This declining incidence of tuberculosis has also been reflected in a con- 
spicious shift of the primary infection from childhood to early adulthood. In 
an ii: vestigation of a Swedish military series referable to 1941—44, 35.1 per 
cent of 174,966 conscripts were tuberculin-negative at the start of military 
serve. In densely populated urban areas less than 20 per cent were negative; 
in ty ical rural areas, up to 50 per cent (DAHLSTROM, 1953). 

In his connection, interest also attaches to the prognosis of primary tuber- 
culos:s. It has been found that, in Sweden at least, primary tuberculosis has 
a pover prognosis in young adults than in children. 

In . Swedish series of primary tuberculosis cases the five-year mortality 
was | % per cent in the 0—7-year age group and 1.7 per cent in the 8—15-year 
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age group (HOLMDAHL, 1950). In another series of young adults the cor- 
responding mortality of tuberculosis was 10.1 per cent and the difference 
between the 8—15-year age group and the young adults was statistically 
significant (DAHLSTROM, 1953). 

It is evident from the aforegoing review that the protective effect of BCG 
vaccination is strongest against primary tuberculosis, acute miliary tubercu- 
losis, tuberculous meningitis and exudative pleurisy—forms which appear 
early in the “time table of tuberculosis’ (WALLGREN, 1948)—but that it may 
also afford relatively good protection against early postprimary foriis of 
pulmonary tuberculosis. In the light of these findings, special importance 
should be attached to vaccination of young persons about to leave school or 


other training institutions, and hence a relatively protected environment, 
to take up employment where the risks of infection and subsequent disease 
are especially great. The aforementioned regulations concerning trial BCG 
vaccination in Britain follow this line, and in Norway vaccination of tuber- 
culin-negative pupils in schools and other educational institutions is com- 
pulsory. 

In countries having well-organized medical services for schools, it is a 
simple matter to arrange BCG vaccination of tuberculin-negative reactors 
following medical examination and tuberculin testing of children commencing 
school—in Sweden, usually at the age of seven. One example of the benefit 
of such a policy is provided by HyYGE’s investigation. 

In Sweden, vaccination of newborns has long been practised at many 
maternity hospitals, the inoculation having been performed either by medical 
officers from tuberculosis clinics or by the consulting pediatricians of the 
maternity departments. This inoculation of newborns, like all BCG vaccin:tion 
in Sweden, is voluntary and has met with the greatest understanding on the 
part of mothers. In Stockholm, about 90 per cent of newborns undergo BCG 
vaccination today, the costs and inconvenience being very moderate. Vaccina- 
tion should likewise be the rule for children confined to various kinds of 
institutions. 

Military service is associated with an increased risk of infection, «nd a 
vaccination campaign among those entering it would assuredly be worth 
while. The vaccination should be done, if possible, some time before entry. 
thus giving protection time to develop. 

BCG vaccination of nursing personnel came into use very early. and 
experience both in Scandinavia and elsewhere has shown it to have been of 
the greatest benefit. The former very high incidence of tuberculosis has «llen 
substantially, and it is now self-evident, according to the Scandinavian ‘iew. 
that no one should be allowed to do nursing work without being nat: rally 


tuberculin-positive or having been BCG vaccinated. 
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BUG vaccination has an important field of use, in the work of tuberculosis 
clinics, among relatives and contacts of tuberculous patients. Here it can be 
carried out with little trouble and expense, coincidently with investigations 
of the environment. With vaccination it is easier and less risky to have such 
tuberculous patients as are fit for work and do not require treatment, in 
suitable employment. 

In Sweden, the Swedish National Association Against Tuberculosis has 
exhibited very keen interest in BCG vaccination. It has actively promoted the 
idea of vaccination and has issued pamphlets designed for the information of 
the general public. Moreover, its financial support of BCG vaccination work 
has been substantial, amounting in 1953 to 303,000 kronor. 

Myers (1952) wrote, as an argument against BCG vaccination, that it 
would be harder to keep tuberculous patients isolated if they believed that 
they could live at home without exposing their relatives and friends to in- 
fection; and in his opinion BCG vaccination gives a false sense of security. No 
such experience has been reported in Scandinavia, nor can we consider it 
justified to deny relatives and contacts the increased resistance to tuberculous 
infection that is afforded by adequately performed vaccination. 

In discussing the use of BCG vaccination in the work of tuberculosis clinics, 
it may be appropriate to mention an argument that has often been brought 
up against large-scale vaccination; namely, that the positive tuberculin 
reaction which is produced renders difficult the epidemiological control of 
tuberculosis and early diagnosis of tuberculous disease (MYERS, 1952). This 
arguinent cannot be accounted any major importance. WALLGREN (1952) 
remarked, in this connection, that tuberculosis is diagnosed not only by the 
tuberculin reaction, but by radiographic examination, findings of bacilli, and 
other clinical signs and symptoms, and that the combination of these tests 
decides the diagnosis. He added: ‘‘In an extensive experience in the diagnosis 
of tuberculous disease in BCG vaccinated persons, it has only been in excep- 
tionally rare cases that the diagnosis could not be established, and it has 
never happened that this failure has had any unfavourable consequences for 
the patient.” 

The principles outlined here with regard to the use of BCG vaccination in 
antit::berculosis work are referable to countries which, like the Scandinavian 


ones. have low to moderate tuberculosis morbidity rates. In countries where 
tuber-ulosis is still widespread and undernourishment, poor housing condi- 
tions. ete. are common, great benefit may be derived from vaccination on 
ane.en greater scale, as carried out, for instance, by the Scandinavian Joint 
Enterprise, WHO, and UNICEF (cf. the Conference on European B.C.G. 
Prog ammes, 1949; Second Annual Report of the International Tuberculosis 
Canisaign, 1950). The argument that BCG vaccination reduces interest in 
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other antituberculosis measures, the organization of tuberculosis clinics, « 

is, under these circumstances, quite untenable. In many countries it is G ite 
impossible, due to economic factors, shortage of personnel, etc., to buil: up 
at once—or even within a reasonably short time—a system of tuberculosis 
clinics and to secure a sufficient number of beds for isolation and treatient 
of tuberculous patients. Here mass BCG vaccination might, at moderate 
expense, help to decrease the risks of acquiring tuberculosis and hence reduce, 
in some degree, the hiatus between needs and available facilities in the 
measures against tuberculosis. 
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From the Department of Pediatrics, Temple University School of Medicin: 
and St. Christopher’s Hospital for Children, Philadelphia. 


Some Considerations on the Evolution of Current Knowledee of 


Tuberculosis in Infants and Children 


by WALDO E. NELSON 


From an early age as a medical man WALLGREN was interested in 
the clinical picture of tuberculosis. Through his numerous publica- 
tions in this field he has exerted a great influence on ecurreiit con- 
ceptions of tuberculosis in childhood. His largest work, with Mitter 
as a co-author, is ““Pulmonary Tuberculosis in Adults and Children” 
(New York, 1939). The Editorial Committee is happy to have a 
review in this field presented by Dr Watpo E. NELSON of Phila- 
delphia. 

It might be considered an accident of nature that the years of ARVID WALL- 
GREN have corresponded with the years in which much of what is currently 
accepted in the etiology, pathogenesis, pathology, and treatment of tuber- 
culosis has been unraveled. It is not an accident, however, that he became 
deeply interested in this disease, especially as it affected his sphere of medical 
interest, the health of infants and children. Nor is it an accident that he has 
played an integral part with other laboratory and clinical investigators in 
piecing together the data which constitute the present recognized p:atterns 
of the disease. The occasion of this Festschrift provides an opportunity to 
reflect on some of the steps which have been responsible for our current know- 
ledge. 

The identification of the tubercle bacillus by ROBERT Kocu (13) in 1882 
established the foundation for most of the subsequent studies. Althouh he 
created false hopes for an effective curative agent when he introduced | :ber- 
culin, he did provide the basis for an important diagnostic tool. In de:non- 
strating the differences in the tissue responses of tuberculous and non-tiber- 
culous animals to injections of dead and live tubercle bacilli and of tube: «ulin 
(Koch’s phenomenon), he opened the door for the subsequent studies ©) yor 
PIRQUET (24), ZINSSER (35) and others in the fields of allergy and anaphs ixis. 

The initial epidemiologic surveys in the latter part of the first dec: ‘e of 
this century, employing the tuberculin skin test, provided the first cle \ in- 
dication that most persons, especially in urban areas, had had tuber« lous 
infection before they reached maturity. It was soon apparent that many « — the 
tuberculin-positive individuals had had no clinical evidence of disease © sich 
could have been attributed to tuberculosis. From these observations ere 
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developed the concept that a person infected with the tubercle bacillus might 
or might not develop disease. To express this difference, the terms ‘‘tuber- 
culous infection”? and ‘‘tuberculous disease’? were adopted and widely used 
for . number of years. It is now evident that these terms are not appropriate 
and are actually misleading. It is true that the first infection, which induces 
allergy to tuberculin, is often so mild as to go unnoticed. Yet even small 
lesions in the pulmonary parenchyma and tracheobronchial lymph nodes, 
which have been undetected clinically, and disclosed pathologically only by 
careful dissection, have been responsible for hematogenous spread (menin- 
gitis, miliary tuberculosis, tuberculous osteomyelitis) and the death of the 
patient. Furthermore, WALLGREN (31) has shown that, when temperature 
recordings are made of children recently infected with tubercle bacilli, ele- 
vations of temperature will be observed which coincide with the development 
of allergy to tuberculin; this phenomenon is considered to occur at the end of 
the incubation period. Such clinical episodes are usually overlooked or at- 
tributed to a grippal infection. 

Further evidence of the frequency of tuberculous lesions of little or no 
clinical significance was provided by pathologic studies in persons dying of 
causes other than tuberculosis. From the observations of GHON (11) and 
{ANKE (25) in particular came the concept of the primary tuberculous lesion 
and the tendency of the infection to spread to the regional lymph nodes 
(primary Complex). Since many of these lesions were observed in children and 
were calcified at the time of observation, the concept of benignity of initial 
infections, especially in mid-childhood, was enhanced. 

Following the first World War, when roentgen ray facilities were increased 
in the Germanic countries, it became possible to secure roentgenograms of 
the chests or large numbers of children with positive dermal reactions to 
tuberculin. It was discovered that many children had demonstrable pul- 
monary lesions without symptoms or abnormal physical findings. Although 
most of these lesions were calcified pulmonary foci and calcified tracheo- 
bronchial lymph nodes, a number of extensive pulmonary lesions were ob- 
served. Some of the latter were infiltrative lesions, but many were evenly 
consolidated areas involving most or all of a lobe. Because many of these 
lesions disappeared after variable periods of time without significantly af- 
fectiug the health of the child, or leaving little or no roentgenographically 
dete-table residuals, ELIASBERG and NEULAND (18) interpreted them as al- 
lere - (non-specific infiltration) exudative reactions surrounding a tuberculous 
foci... They coined the term “epituberculosis” to identify them. It required 
mo: than a decade to dissipate this interpretation and to identify these 
lesi 1s as being atelectatic in nature, with or without a co-existing tuberculous 
phe monitis. Although pathologic observations provided the initial evidence, 
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the occluding bronchial lesions are now frequently demonstrated by br n- 
chosecopie and planigraphic studies in the patient who does not succumi: to 
his disease. 

The marked anatomic differences between the apical and infraclavic lar 
Iseions so commonly seen in the adult tuberculous patient and the loca!ized 
parenchymal lesions in children, which are more apt to be in locations 0: her 
than the apex, as well as the differences in the clinical courses in the two age 
groups led to the designations ‘childhood tuberculosis” and “adult tuber- 
culosis”. Though time and additional information demonstrated that such 
categorical terms were inadequate, widespread usage led to deductions w hich 
were not always supported by factual data. For example, the concept that 
tuberculosis during childhood is a benign infection, or that the primary in- 
fection during its active phase tends to be innocuous has been widely cir- 
culated. According to this concept, the danger of the primary infection con- 
sists principally in its capacity to sensitize the host (child), so that if rein- 
fection occurs (most often during adolescence or in young adult life), chronic, 
progressive tuberculosis (phthisis; apical tuberculosis) would ensue. There were 
and are data to support in part such an interpretation, but as clinical ex- 
perience has increased there is reason to conclude that the explanation of 
tuberculous infection in man is not so simple. In the United States Myers 
and STEWART (4) have been prominent among those who supported the idea 
that the great danger in primary tuberculous infection was its sensitizing 
feature with the subsequent deleterious effect on reinfection. In addition to 
the possible deterring effect which such an oversimplified interpretation has 
had on the search for a clearer understanding of the pathogenesis of the dis- 
ease, it has been a significant factor in the considerations of the advisability 
and the potential dangers of tuberculous vaccination. The latter problem 
will be commented on later. 

In part the failure to recognize the dangerous potentials of the active 
primary tuberculous infection has stemmed from the designation of hen:to- 
genous tuberculous lesions (meningitis, miliary tuberculosis, osteomye! tis, 
and the like) as secondary tuberculosis, rather than as an integral part of the 
initial infection from which they had their direct origin. In addition t:.ose 
who have adhered to the interpretation of benignity of the initial infec ion 
have apparently failed to appreciate that the primary parenchymal le. ion 
in the lung and its associated lesions in the regional tracheobronchial ly: ph 
nodes can progress locally with marked destruction of tissue and be res) 0n- 
sible for bronchogenic distribution of tubercle bacilli with the productio . of 
extensive and even lethal lesions in other portions of the lungs. Patho). sic 
studies are responsible for such descriptions and are illustrated especially ell 
by those of AUERBACH (2) and of TERPLAN (30). 
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In addition to the observed differences between the lesions of the initial 
tuberculous infection and those of subsequent infections, it has become ap- 
parent that there are age, individual and racial factors (26, 27) which also 
influence the nature of the lesion and the response of the host. The higher 
mortality rates from tuberculous infection during infancy and adolescence, 
in contrast to those of the other years of childhood, have long been recognized. 
A number of factors have been suggested to account for these differences, but 
there is still no clear understanding. One possibility is that most infections in 
infants are contracted from household contacts and that the transfer of 
tubercle bacilli may be massive as well as repeated. The infant on his part 
has no chance to avoid infection, and he apparently possesses lesser capacities 
to form antibodies and to localize infection. The relative incidence of tuber- 
culous meningitis and of miliary tuberculosis is much higher during the first 
few years of life than at any other age and is apparently higher in association 
with initial infections than with reinfections. WALLGREN (32) has shown that 
the chance for development of tuberculous meningitis is markedly reduced 
within a few months after the onset of the primary lesion. However, in spite 
of the high mortality rate from tuberculosis in infancy, it must be recognized 
that infants do recover from extensive pulmonary lesions without specific 
therapy and that the majority of all tuberculin-positive infants survive their 
infection without evidence of having been clinically ill or permanently harmed 
thereby. 

During the years of childhood between infancy and adolescence, the mor- 
tality rates from tuberculosis drop to very low levels. One may speculate that 
massive and repeated infections from household contacts occur relatively less 
frequently during the middle and late years of childhood. Furthermore, 
repeated infections from chance contacts outside the home are much less 
likely than from home contacts. However, it does not seem likely that such 
factors represent the sole reasons for the lower mortality rates during the 
mid-cliildhood years. Rates of physical growth are considerably less than 
they ure during infancy and adolescence. Thus the metabolic economy of the 
body is not operating under as much stress, and it may be that the body is 
better able to compete with the increased demands of a superimposed in- 
fectious process. The relative effectiveness of immune processes in these 
sever] age periods eludes comparative measurements, but the possibility 
of su. differences must also be considered. 

Th: increased mortality rates in the early years of adolescence, especially 
amor + girls, continue to pose a serious problem. It is true that the mortality 
rates during these years have decreased proportionately with the general 
decli + in mortality from tuberculosis during the past fifty years. However, 
ther: ‘s lack of information to explain completely the reasons for the increased 
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mortality rates during this period of rapid physical growth and socia: ad- 
justment, but factors related to each of these natural phenomena must |: in- 
volved. JOHNSTON (12) has provided convincing evidence of the quantit::tive 
decreases in the extent of the positive balances of nitrogen and calcium during 
the immediate pre- and post-puberty phases. He reasons that even «:nall 
deficiencies in the intake of food and/or extra demands resulting from: ex- 
cessive activity (physical, emotional or mental), inadequate sleep, and inter- 
current infections may tip the small positive balance to the negative side. He 
believes that such a metabolic imbalance may be a significant factor in per- 
mitting an existing latent tuberculous focus to become reactivated. Certainly 
preventive factors, whatever they may be, constitute the best approach to 
the serious problem of tuberculous infection in adolescence and young «addult- 
hood. 

Other features which reflect age differences include the greater tendency to 
involvement of the lymph nodes in the infant and young child than in the 
older child and adult and the similarity of primary tuberculous lesions in 
adolescents to those considered to be characteristic of reinfection. That the 
tendency to involvement of lymph nodes is not solely an age factor is suggested 
by the higher incidence of their involvement in the Negro than in the white 
person. It has been suggested that the lymphatic vessels become less adequate 
as drainage channels with advancing years, but the frequent involvement of 
lvmph nodes in the Negro adult casts some doubt on this concept. 

Among the various considerations of tuberculous infection none is of greater 
importance nor has excited greater interest than that of the host’s imunune 
response to the tubercle bacillus. It may also be added that no feature of the 
infection is less adequately defined. It would be of inestimable value in under- 
standing the disease if there were explanations of why one person reniains 
unaware of his infection while it goes on to healing, whereas another succumbs: 
of why infection remains localized in one person and becomes disseminated 
in another; of why there are apparent age, racial and species differences in 
responses as well as apparent differences between individuals of the same 
age, race and species. A great amount of investigation has been condicted 
and considerable data accumulated, and at various times the available ma- 
terial has been summarized, e.g., by KRAUSE (15), PINNER (23), RICH (27). 
and LURIE (18). 

It is accepted by most workers in the field of tuberculosis that a}: aled 
tuberculous infection confers some immunity on the host irrespecti ° of 
species or age. This immunity is far from complete and can be overcon «© by 
heavy reinfection and/or by factors which temporarily or permanently | wer 
the resistance of the host. There are, however, some observers who co: end 
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bencfit. These workers believe that the dangers of sensitization (allergy) to 
the protein of the tubercle bacillus outweigh any limited immune factors 
which may be simultaneously acquired. They point to the steadily decreasing 
incidence as well as mortality from tuberculosis during the past fifty years 
and emphasize the importance of prevention of contact with open tubercu- 
losis. Furthermore, important roles are attributed to improvement of housing 
and other socioeconomic factors, and to the nutrition and personal hygiene 
of the individual in the progressive decline of the mortality rate from tuber- 
culosis. These factors are considered to affect in some way the natural re- 
sistance of the host. This aspect of immunity, which cannot be dealt with 
here, is of considerable interest. Can it be that man is gradually winning the 
conflict against the tubercle bacillus by natural means—or that the tubercle 
bacillus is becoming less virulent—or that host and parasite are approaching 
a state of symbiosis—or that the tubercle bacillus has eliminated many of the 
persons of low or inferior capacities for resistance and now must compete 
with a population having a lesser proportion of individuals who are apt to fall 
prey to invasion of their tissues? Serious and capable students have predicted 
eradication of tuberculosis among populations of good socioeconomic stand- 
ards by natural means and general public health measures. Fulfillment of 
such predictions does not seem imminent. 

The relationship between allergy and immunity is germane to an evalua- 
tion of the possible benefits and/or dangers of healed naturally acquired tu- 
berculous infections and of vaccination. 

The injection of tubercle bacilli, dead or alive, or of tuberculin into the tis- 
sues of a tuberculous animal (hypersensitive to tuberculin) elicits a prompt 
inflammatory and destructive reaction. The violence and extent of the reac- 
tion depend upon the degree of hypersensitivity and the number of tubercle 
bacilli or the amount of tuberculin which is injected. Desensitization of the 
animal to tuberculin lessens the initial response, but, if live virulent tubercle 
bacilli are injected into such animals, progressive infection may ensue after a 
preliminary latent period. When tuberculin (except in extremely large quan- 
tities) is injected into non-tuberculous animals, there is no significant response. 
When virulent tubercle bacilli are injected into a non-tuberculous animal, the 
initi:'| reaction is insignificant, but after a period of time there is local destruc- 
tion of tissue and dissemination to the regional lymph nodes and often hema- 
togenous spread. 

Al -rgy or hypersensitiveness to tuberculin becomes manifest some weeks 
(3 to 10) after the initial infection. It has been generally considered that im- 
mun'y also begins to be developed at about the same time. Investigations 
direc.ed at determining the relationship, if any, between allergy and im- 
mun ‘vy have not produced results which are universally accepted. Interpreta- 
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tions of the data vary: (1) the two phenomena are related; (2) they are ai:tag- 
onistic; and (3) they function independently. These data are reviewed in -ome 
detail by Ricu (27) in his book “‘The Pathogenesis of Tuberculosis”; they are 
summarized in a review article in the first volume of “Advances in Peidiat- 
rics’ (19). CLAWSON (5), WILSON (34), WALLGREN (32) and others haye in- 
dependently concluded that a mild to moderate degree of allergy my be 
beneficial, whereas marked degrees of hypersensitivity may be detrimental. 
It is thought that severe degrees of allergy may contribute to dissemination 
of infection as a result of the initial extensive destructive reaction at tlic site 
of innoculation. On the other hand, mild degrees of allergy, which ted to 
localize the infection without causing such severe destruction of tissue, may 
aid resistance by bringing phagocytic cells more quickly into contact with 
the tubercle bacilli. 

The possibility of inter-related factors between allergy and immunity are 
important in the evaluation of vaccination against tuberculosis. It is not pos- 
sible to explore here the subject of artificially acquired immunity; the reader 
is referred to the excellent review on BCG by WALLGREN (33), in the fifth 
volume of “Advances in Pediatrics’. His recommendations for vaccination 
of tuberculin-negative individuals in areas with a high incidence of tuber- 
culosis are now generally accepted. Currently the development of hyper- 
sensitivity to tuberculin is employed as a measure of the acquisition of im- 
munity. When this response is lost, it is thought by many that immunity too 
has waned, and revaccination is advised. Were it possible to measure im- 
munity by some direct means, it might then be possible to estimate whether 
allergy and immunity bear any relation to each other except that of coin- 
cidence. Should allergy be shown to be more detrimental than beneficial, 
complete or partial desensitization to tuberculin would be in order following 
vaccination. In the present state of knowledge, investigation of these factors 
in the human is not feasible, and animal experimentation to date has not 
provided the necessary answers. Without suggesting a possible significnce, 
it may be pointed out that the rat, which is relatively resistant to tuberciilous 
infection in contrast to the guinea pig, acquires hypersensitivity to tuberculin 
less readily than does the guinea pig. Similarly the Negro resists tuberciilosis 
less well than does the white person, but achieves higher degrees of }:\per- 
sensitivity to tuberculin. 

Tuberculin has played an important role in the developments of the past 
fifty years. The work of VON PIRQUET established it as a principal «ase- 
finding agent. Although practically discarded as a therapeutic measure. sug- 
gestions are again being made that it can be used effectively under c tain 


circumstances. 
In the period from 1910 to 1930 many doubts were raised concernin the 
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value of the tuberculin test as a diagnostic procedure, except during the first 
yea: or two of life. Following infancy the incidence of positive reactors to 
intradermal tuberculin rose so rapidly that the failure to respond to a skin 
testi came to be considered of greater importance for excluding tuberculosis 
in a differential diagnosis, than did a positive reaction for the confirmation of 
a diagnosis of tuberculosis. As the incidence of tuberculosis has decreased, 
the test has come to have a greater usefulness for the individual patient. 

In spite of the apparent increasing usefulness of the tuberculin test as a 
diagnostic tool, questions concerning its validity have arisen. In the earlier 
years, there was a lack of constancy and potency in different preparations 
and even in different batches of old tuberculin from the same laboratory. In 
the decade of 1920 FLORENCE SEIBERT (28) began her search for a more 
constant testing product. Her work will stand as one of the important contri- 
butions in the field of tuberculosis. Initially, together with ESMonD LONG, 
she developed a protein-free culture medium on which tubercle bacilli could 
be grown. The initial tuberculin product (T.P.T.) proved to be an adequate 
testing solution, but its antigenic capacity was sufficient to exclude it as a 
practical testing medium. Subsequently she showed that the sensitizing 
capacity of tubercle bacillus protein was related to molecular size. A new 
tuberculin product, Purified Protein Derivative (P.P.D.), was then prepared 
in which the proteins were of relatively small molecular size. It has proved 
to be no more antigenic than old tuberculin and as potent a testing medium 
as the best of the old tuberculin preparations. 

PIRQUET recognized that there were great variations in the sensitivity of 
different persons to tuberculin, and a plan was soon evolved for using grad- 
uated doses. Since even moderate doses would cause necrosis of tissue in hyper- 
sensitive persons, the initial testing dose of tuberculin was quite small. When 
there was no response to this test, a second one was performed employing a 
larger amount of tuberculin. It soon became generally accepted that an in- 
dividual must fail to have a dermal response to an exceedingly large dose of 
tuberculin before he could be certified as being free of tuberculous infection. 
Although the existence of non-specific or falsely positive reactions was re- 
cognized, it was not realized until comparatively recently that many of the 
react'ons to the large doses of tuberculin did not represent hypersensitiveness 
to tuereulin but were in fact dermal reactions to some other factor or factors 
and -;ould be considered as non-specific or falsely positive reactions. In the 
decae of 1930, when, with MITCHELL and Brown (20), we were attempting 
to d« ermine the likelihood of inducing sensitization to tuberculin by repeated 
intra'ermal injections of it, a number of dermal reactions to moderately 
large doses of tuberculin were observed which differed from those generally 
cons ‘ered to be characteristic of the typical reaction to tuberculin. In in- 
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stances when there was a reaction to only a large dose of tuberculin, the de» nal 
response became evident within a few hours, reached its peak at abou’ 24 
hours and then faded rapidly, in contrast to the peak reaction of the ty» ical 
response at 48 to 72 hours. In addition the reactions considered to be \on- 
specific were not indurated nor did they have a severe inflammatory ap) ear- 
ance, but rather were soft, spongy, and were pinkish rather than red. \Vith 
FURCOLOW, HEWELL and PALMER (10) we showed that such non-specific 
reactions could be obtained in practically all persons, even newborn infints, 
if sufficiently large doses of tuberculin were employed. Furthermore, ii was 
again demonstrated that practically all tuberculous individuals would res;ond 
to relatively small amounts of tuberculin, except as they were still in the in- 
cubation period or had an overwhelming tuberculous infection or an inter- 
current acute febrile non-tuberculous infection (9). A summary of some of the 
accumulated data is shown in Figure 1. On the basis of these observations 
we have recommended limiting the final testing dose of tuberculin to one-half 
the usually recommended second testing strength of PPD (0.0025 mg instead 
of 0.005 mg) or a corresponding amount of old tuberculin. 


Of considerable interest has been the identification of coccidioidomy cosis 
and histoplasmosis as diseases which in certain instances cannot be distin- 
guished from tuberculosis by clinical or roentgenographic means, and whose 
epidemiologic patterns have certain similarities to those of tuberculosis. Each 
disease most often exists without recognized clinical manifestations, the 
identification of such mild active or healed lesions being dependent upon 
roentgenographic means and/or on skin tests. In contrast to tuberculosis, 
however, coccidioidomycosis and histoplasmosis have limited geographic 
distributions. 

During the decade of 1930, several groups of investigators (21, 17, +) re- 
ported observations by roentgenographic means of a relatively large number 
of pulmonary and tracheobronchial calcified lesions in individuals who had 
no dermal response to tuberculin. These observations were made principally 
in epidemiologic surveys in Southern Indiana and Ohio and in Tennesse« and 
Alabama. In addition to the consideration that the calcified lesions tight 
represent healed tuberculous lesions in individuals who had lost their li. per- 
sensitivity to tuberculin, the possibility that the calcified lesions )\ight 
represent healed lesions of certain non-tuberculous infections was ex} ored 
by at least two groups of investigators. However, it was C. E. Smiru who. 
while working with coccidioidomycosis, suggested that a skin-testing s.''vey 
with the antigen of Histoplasma capsulatum be made. He had noted that t], few 
reported cases of acute histoplasmosis (a fulminating infection) had occ: rred 
in patients residing in the middle-eastern central states of the United &: ites. 
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Fig. |. Accumulated percentages of positive reactors to various test doses of tuberculin PPD 

among different population groups with different degrees of contact with tuberculosis. The 

vertical lines, marked I and II, represent the approximate level of the first (0.00002 mg) 

and second (0.005 mg) strength doses of PPD as usually recommended. (FURCOLOW, HEWELL, 
NELSON, and PALMER.) 


The subsequent surveys employing tuberculin and histoplasmin by CHRISTIE 
(6) in the Tennessee area and by PALMER (22) among student nurses in various 
sections of the country revealed a large number of persons in the east central 
area of the United States, largely in the lower Mississippi, Ohio and Tennessee 
river valleys, who had negative tuberculin and positive histoplasmin skin 
reactions. Calcified intrathoracic lesions were found more frequently in 
persons with sensitivity only to histoplasmin than in those who had only 
positive tuberculin reactions. Subsequently non-calcified parenchymal 
lesion's quite similar to those of tuberculosis were demonstrated. It is now 
app: rent that histoplasmosis is a widespread infection in endemic areas, oc- 
curring most often as a mild, clinically inapparent infection and rarely as a 
seve’ « fulminating one. In either form it can simulate tuberculosis so closely 
that identification can be established only by skin tests and/or the isolation 
of t] » causative organisms. It seems that most of the calcified (healed) miliary 
lesio 1s of the lungs and perhaps most of the reported recoveries prior to the 
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availability of specific therapeutic agents were instances of histoplas: iosis 
or perhaps of other fungous infections rather than of tuberculosis. 


The past decade has opened a new phase in man’s struggle with the tu! ercle 
bacillus. For the first time effective antibacterial agents are available. and 
the majority of infants and children with miliary tuberculosis of the jungs 
and tuberculous meningitis can be saved. This is an achievement of tremen- 
dous importance, since these forms of tuberculosis had a case fatality rate 
approximating 100 per cent. The relatively high incidence of motor, mental, 
and psychologic residuals among those who survive meningitis not only posess 
a significant problem in developing more effective therapy, but it has created 
immediate problems in the provision of special care and often of institu- 
tionalization for the permanently handicapped children. 

Streptomycin, dihydrostreptomycin, and the isoniazid compounds are the 
most effective antibacterial agents available at the moment. It is hoped that 
drugs, which are more effective, less toxic and more resistant to bacterial 
adaptation will be forthcoming. Meanwhile continued clinical investigation 
is needed to determine more accurately which forms of the disease other than 
meningitis and miliary lesions of the lungs should be treated, when treatment 
should be instituted, how long it should be continued, the relative effectiveness 
of continued and intermittent plans of therapy, the utilization of combina- 
tions of drugs such as streptomycin and isoniazid and/or of such adjuncts 
as para-amino-salicylic acid and promizole, the use of lytic agents such as 
tuberculin and the enzymes, streptokinase and streptodornase, and the 
employment of surgical therapy in conjunction with medical treatment. 

Currently, most clinicians do not prescribe specific therapy for primary 
pulmonary infections except as the lesion is progressively infiltrative or as 
miliary or meningeal tuberculosis is superimposed. The reasons for such a 
policy are several: most of such lesions tend to heal spontaneously; the ap- 
parent effect of antibacterial agents is not striking when isolated parenc}) ymal 
lesions have advanced sufficiently to be roentgenographically demonst r:ible, 
and the development of meningitis has not been unusual during the course of 
treatment with the streptomycins. Preliminary experience with isoniazid 
appears to be quite different in the last respect. EDITH LINCOLN (16), \ lose 
experience in this field has been quite extensive, has been unable at the time 
of this writing to find any evidence of the development of meningitis in 1 \ber- 
culous children while they were under treatment with isoniazid. On the asis 
of this observation, she has suggested that carefully controlled treat: ent 
programs might be undertaken in which infants and children with recer: and 
active primary tuberculous infection, including those who have only a rec ntly 
acquired positive tuberculin reaction without a demonstrable tuberc |ous 
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lesion, Should be treated for a period of a year with isoniazid. Certainly such 
a study is justified, but only if it is a very carefully controlled one. 

The use of lytic agents (tuberculin and the enzymes, streptokinase and 
stre todornase) has so far not proven to be as effective as some of the initial 
reports indicated that it might be. However, further investigation is indicated. 
The use of streptokinase and streptodornase has been largely limited in pe- 
diatrics to the treatment of tuberculous meningitis with the intent of securing 
lysis of exudate and so avoid adhesions or remove obstructions which would 
result in establishment of an infected nidus or in blockage of the ventricular 
system. There is also the possibility that these agents might be used in pleural 
and peritoneal lesions. The use of tuberculin for similar purposes would seem 
to be even more rational owing to the specific lytic effect of tuberculin upon 
sensitized tissue. Such treatment would, of course, not be feasible except 
during therapy with isoniazid and/or streptomycin. The initially good results 
reported by SMITH and VOLLUM (29) have not been duplicated by other work- 
ers, but this should not detract from further careful clinical investigation. 

The availability of specific antibacterial agents has opened new possibilities 
for surgical therapy. Pulmonary surgery has naturally been utilized more 
extensively in adults than in children. It may be, however, that there is < 
wider use for it in selected cases in children than is thought to be the case at 
present. When there are extensive, destructive lesions in one or two pulmonary 
lobes with little or no invasion of other lobes and/or lesions in the tracheo- 
bronchial lymph nodes, resection in conjunction with prolonged antibacterial 
therapy may prove to be efficacious in a sufficient number of instances to 
warrant the risks. ARIZTIA (1) of Santiago, in particular, appears to be en- 
couraged by his initial experiences with such therapy. The surgical removal 
of tuberculous lymph nodes in the cervical or other peripheral areas during 
antibacterial therapy is now generally considered to be the approved form of 
management. The treatment of osseous lesions has been less adequately 
explored from the standpoint of combined surgical and antibacterial therapy. 
Perliaps the use of tuberculin injected directly into the lesion or at a remote 
site should be explored further. BABCocK (3) has for years injected tuberculin 
in pitients with osseous, articular and other isolated peripheral tuberculous 
lesions for the purpose of securing lysis within the tuberculous lesion, and 
then. when possible, aspirating the liquefied contents. Most clinicians have 
felt ‘hat the dangers of hematogenous distribution from the rapid break- 
dow: of the tuberculous lesion constituted too great a risk to employ this 
plan of therapy. Now that effective antibacterial agents are available, further 
clin al experience employing tuberculin and surgery in conjunction with 
the: may be indicated. 

V thout minimizing the great accomplishments in the field of tuberculosis 
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since the discovery of the tubercle bacillus in 1882, it must be recognized {hat 
there are many unsolved problems. In regard to children, one fact seenis in- 
ordinately clear: tuberculosis should not be considered a benign infeciion, 
Continued vigilance is required to detect early lesions, to identify and isolate 
the person or persons from whom the infection is contracted, and to devise 
more appropriate therapy. Furthermore a clearer understanding of the natural 
course of the infection and of the various factors which affect it must be 
secured before both therapy and artificial immunization can be placed on 
more secure bases. It should be obvious that the need for investigation of the 
various aspects of tuberculosis as it affects infants and children is a continuing 


one. 
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School of Medicine, Stockholm, Sweden. 


The Etiology of Acute Aseptic Meningitis (Wallgren) 
by SVEN GARD 


At the time when WaALLGREN coined the term “acute aseptic 
meningitis’ (1924) virus research was still in its very begining. 
On purely clinical grounds WALLGREN made his distinction. Later 
development showed that the etiology in the vast majority of cases 
should be sought among the viruses. To-day it is often possible to 
make a specific diagnosis. In the following paper Professor Garp 
discusses this fact with special emphasis on the importance of the 
Coxsackie group of viruses. 


The term acute aseptic meningitis was introduced in 1924 by WALLGREN 
(20) to designate a disease characterized by the following criteria:— 


I. Acute onset with meningeal symptoms 
II. Pleocytosis, predominantly mononuclear 
IIT. Sterile spinal fluid 
IV. Comparatively short duration without secondary complications and 
with complete recovery 
V. Absence of any indications of a para-meningeal etiology such as otitis, 
sinusitis, trauma, etc. or of manifestations of such meningitogenic in- 
fections as mumps, poliomyelitis, epidemic encephalitis, leptospirosis. 
ete. 
VI. Absence of epidemiological connections with the above-mentione: in- 
fectious diseases. 


WALLGREN considered acute aseptic meningitis thus defined to rep: csent 
a nosologic entity and to be a new disease showing a tendency to epi ‘emit 
appearance. According to WALLGREN it was first observed in France ‘1: the 
period 1910—13, then remained unrecognised during the war years ‘9 Ie- 
appear in Scandinavia in 1919, being reported each year during the foli wing 


6-year period. 

Among further characteristics of the disease WALLGREN emphasiz | its 
seasonal distribution—accumulation of cases in the late summer ar ' the 
autumn, although spring cases were also observed—and its predilecti: 1 for 
the younger age group. 
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In subsequent years a number of further agents capable of producing the 
yndrome of aseptic meningitis had to be added to the list recorded by 
WALLGREN under point V of the above-mentioned criteria. Thus, the virus 
if herpes simplex was shown to possess certain neurotropic qualities, being 
apable of producing encephalitis and probably also milder diseases involving 
the meninges. A number of encephalitogenic agents were recognized as causes 
of disease in man, viz. the viruses of the St. Louis, the Japan B, the Russian 
yring-summer, the eastern, western and Venezuelan equine encephalitides, 
the louping ill virus, the encephalomyocarditis-Mengo group of viruses, the 
lymphocytic choriomeningitis virus and the Coxsackie group of viruses. To 
this may be added a number of insect-borne encephalitis viruses such as the 
West Nile virus, occasionally recovered from humans, the clinical significance 
of which remains obscure, however. 

In the face of this extremely complex picture the justification of main- 
taining the notion of acute aseptic meningitis as a nosologic, etiologic and 
epidemiologic entity appeared increasingly dubious. In 1951 WALLGREN 
himself (21) seemed inclined to accept the general opinion that acute aseptic 
meningitis represents nothing but a syndrome likely to be met with in a large 
number of different diseases. 

The fact remains, however, that even after the recognition of the multiplex 
etiology and with the improved virological laboratory technic, making the 
‘establishment of a diagnosis feasible, the etiology of the majority of the cases 
of acute aseptic meningitis has remained obscure. It should also be pointed 
out that many of the agents mentioned above, including all of the insect- 
borne encephalitis viruses, were never encountered in Europe and they could, 
therefore, hardly be responsible for the disease described by WALLGREN. 
For such reasons it seems justified to reconsider the whole question, bearing 
in mind that WALLGREN’s conception of acute aseptic meningitis has to be 
viewed against its proper geographical background. His observations and 
conclusions refer to the conditions in Scandinavia, and the fact that St. Louis 
ence} ialitis virus might be a common cause of meningitis in the South of 
the LS. or the Japan B virus in the Far East does not exclude the possibility 
that ‘he Seandinavian aseptic meningitis represents a more homogeneous 
liseas’. It is the purpose of this paper to consider the justification of this 
work ig hypothesis in the light of the results of recent virological and 
epide: \iological studies in Sweden. 

Fir |, the possible significance of some of the agents already mentioned 
will! discussed. It would seem that, in Sweden at least, mumps and herpes 
Virus ; play an insignificant part as causes of primary aseptic meningitis 
and, ierefore, the comments will be restricted to two viruses or groups of 
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viruses, viz. the virus of lymphocytic choriomeningitis (LCM) and the Cc x- 
sackie viruses. 

In 1934, ARMSTRONG and LILLIE (2) reported the accidental isolation from 
a monkey of a previously unknown infectious agent that was designated as 
the virus of lymphocytic choriomeningitis on account of the involvement of 
the choroid plexus demonstrable in experimentally infected animals. Domvs- 
ticated and white mice were later found to be natural hosts of the virus (19). 
RIVERS and Scott (17), in 1935, recovered LCM virus from the spinal fluid 
of human beings suffering from acute aseptic meningitis and it has since 
been recognized as a not infrequent cause of disease in man. Although the 
clinical manifestations often conform with WALLGREN’s syndrome, this is by 
no means always the case. Inapparent or subclinical infections must be 
comparatively common as judged by the high frequency of positive serologi- 
cal reactions encountered in the adult population in areas where the virus 
is indigenous. Another group of infections run a very mild clinical course, 
mainly of a grippal type without any signs whatever of meningeal involve- 
ment. On the other hand, more serious and sometimes fatal forms are also 
known with localization of the infection in the CNS or various organs and 
with correspondingly varying symptoms. The disease attacks predominantly 
the age groups between 20 and 30 years. 

The discovery by RIVERS and Scott of the human pathogenic capacity of 
the LCM virus was first supposed to furnish the answer to the question of 
the etiology of Wallgren’s disease. It was soon found, however, that only 
a fraction of the cases answering WALLGREN’s description were attributable 
to infection by the LCM virus and only in certain geographical regions at 
that. It seems to be particularly significant in this connection that the LCM 
virus has not yet been found in Scandinavia neither as a cause of disease in 
man nor in wild or domesticated rodents, in spite of a systematic search by 
ALM (1) in Gothenburg and by H. von MAGNUs in Copenhagen (personal 
communication) as well as by the present writer (unpublished observations). 
Add to this the discrepancies in epidemiological behaviour with regard to 
age as well as seasonal distribution—LCM being a disease of the winter «nd 
early spring months—and it is apparent that the LCM virus, although it /ias 
to be included among the meningitogenic agents under items V and V! of 
WALLGREN’s criteria, yet could not have been the cause of Wallgren’s dise se. 


The Coxsackie viruses and related agents have to be more carefully «on- 
sidered, however. The first strains of virus belonging in this group v cre 
isolated in 1947 by DALLDORF and SICKLES (4) from the stools of pati nts 
suffering from apparently typical paralytic poliomyelitis. The new agent “as 
characterized by its pathogenicity to infant mice and hamsters, being 1! /1- 
pathogenic to adult animals of the same species as well as to other labora‘ ry 
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animals. Several immunologically distinct but otherwise apparently related 
viruses have since been found, for the time being classified together as the 
Coxsackie group of viruses. Within this group DALLDORF distinguishes two 
subgroups, A and B. In experimental animals A strains produce lesions pre- 
dominantly in the striated muscles, consisting of a diffuse degeneration of 
whole muscles or muscle groups, eventually followed by infiltration of leuco- 
cytes and finally regeneration. B viruses likewise produce muscle lesions, al- 
though mainly only scattered foci are observed, and in addition as a charac- 
teristic feature adipositis-degeneration and inflammatory reactions in the 
subcutaneous fat pads, most conspicuous in the interscapular region. In a 
large proportion of B infections the brain cortex is involved, the result being 
amore or less complete destruction with external hydrocephalus. Accordingly, 
distinctive features in the symptomatology of experimental A and B infections 
are demonstrable. A infections produce characteristic, peripheral paralyses 
—in initial stages the swollen, apparently tender muscles cause a peculiar 
rigidity of movement, later flaccid paralysis and secondary contractures pre- 
dominate. In B infections motor disturbances are primarily referable to 
defective coordination; spastic phenomena and ataxia predominate. 

The infant mouse pathogenicity differs appreciably from one strain of virus 
to the next. While most A strains seem to take readily on primary inoculation 
of material of human origin, the results as far as B viruses are concerned 
appear more irregular. Many strains become mouse-adapted only after pro- 
longed serial passage and it seems probable that some strains are practically 
non-pathogenic and consequently not demonstrable by animal inoculation. 
Some Coxsackie strains grow in human or mouse embryo tissue culture, 
while others have failed to propagate in this medium. So far, however, this 
field has not been penetrated systematically. 

Although Coxsackie viruses, during epidemics, have repeatedly been re- 
covered from coprophageous flies, there is no indication of the existence of 
any permanent extrahuman reservoir. In man the intestinal discharge forms 
the main source of virus. More irregularly it is found in the throat and oc- 
casionally it has been recovered from muscle biopsy material or spinal fluid. 

(:ifection seems to be invariably followed by an immunological response. 
Serum antibodies can be demonstrated either by neutralization tests in baby 
mice or by the complement fixation reaction. The neutralization test is strictly 
tye specific, while cross reactions with other types are observed in comple- 
ment fixation. This unfortunate fact makes the convenient in vitro test less 
sui'ed for diagnostic purposes, thereby limiting considerably the possibilities 
of .pplying serological diagnostic procedures on a large scale. For the etio- 
lop:cal diagnosis of Coxsackie infections one has to rely, therefore, on the 
isc ation of the virus which for reasons already stated as well as on account 
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of irregularities in the excretion of the virus cannot be expected to yirid 
positive results in all cases. 

After introduction of the tissue culture technic in clinical as well as fic id 
studies a number of viruses have been isolated the nature and clinical siv- 
nificance of which still are obscure. These viruses are not neutralized by 
poliomyelitis anti-sera. They cause cellular lesions clearly distinct from those 
obtained with poliomyelitis virus but closely resembling the cytopathoge ic 
changes observed in Coxsackie virus cultures. They are not pathogenic to 
the ordinary laboratory animals. All such strains were derived from stool 
specimens and it seems therefore not unreasonable tentatively to include 
them in a larger group of which the Coxsackie viruses form a part. 

As already mentioned, Coxsackie viruses were first recovered from patients 
with the clinical diagnosis of paralytic poliomyelitis and the question was 
raised of their etiological importance in this disease. In the light of present 
experience dual infections with poliomyelitis and Coxsackie viruses—so far 
only A strains seem to be involved—probably are to be looked upon as chance 
phenomena of little or no clinical significance. However, some Coxsackie 
viruses have now been shown to possess definite pathogenic properties. Thus, 
HUEBNER and his associates (12) seem to have clearly established the etio- 
logical connections between viruses of subgroup A and diseases in children, 
characterized principally by the syndrome of herpangina. It is also probable 
that members of this subgroup may sometimes produce aseptic meningitis. 

As to the viruses of subgroup B the interest has been centered upon their 
relations to the Bornholm disease. Such a connection was first suggested by 
CURNEN, SHAW and MELNIcK (3) and by ENDERs and his associates (22) and 
has since been repeatedly confirmed. 

In Sweden a systematic study of the Coxsackie viruses and particularly of 
their etiological significance in acute aseptic meningitis was initiated in 1919. 
In the course of these studies there presented itself, in 1950, an opportunity 
to study an outbreak of Bornholm disease in the Huskvarna-J6nk6ping 
region (7). JOHNSSON (13), on the basis of extensive virological, serologial 
and clinical investigations in connection with this outbreak, felt justified in 
drawing the following conclusions. Coxsackie virus type B3 was with a very 
high degree of probability the cause of the disease. The clinical picture in 
those infected showed a considerable variation, ranging from the typi:al 
syndrome of pleurodynia to abortive and subclinical forms. Of particu ar 
interest was the fact that 17 out of 28 hospitalized patients suffered fron a 
lymphocytic meningitis, sometimes as a complication of an otherwise typi al 
pleurodynia but more often in cases with mild or insignificant myalgic co :1- 
plaints or appearing as a primary acute aseptic meningitis. Furthermore, © 1¢ 
syndrome of pleurodynia was observed mainly in adults whereas mening’ is 
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Fig. |. Monthly incidence of cases of paralytic poliomyelitis (curve) and aseptic meningitis 
including non-paralytic poliomyelitis (columns), admitted to the Stockholm Hospital for 
Infectious Diseases during 1949-1952. 
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was much more common in the ages below 15 years. JOHNSSON (14) has 
extended and supplemented these studies by observations on several family 
outbreaks in different parts of the country and thereby has been able to 
confirm his earlier findings. 

The occurrence of meningitis in connection with Bornholm disease was 
first described by LINDBERG (16) in Sweden and was later reported by GSELL 
(10) in Switzerland who proposed the term meningitis myalgica to cover the 
mixed syndrome. In spite of this the epidemiological and etiological con- 
nection between pleurodynia and aseptic meningitis seems to have been 
largely overlooked. As an example of this a paper by HowARD et al. (11) may 
be quoted. The authors describe an epidemic of pleurodynia and mention as 
a curiosity that pediatricians at the same time reported an outbreak of acute 
aseptic meningitis in children. A possible connection is briefly discussed but 
hardly seriously considered. 

The capacity of Coxsackie B viruses of producing aseptic meningitis now 
seers fairly well established. Are such infections frequent enough to account 
for .n appreciable proportion of the total number of cases observed? 

From JOHNSSON’s family studies some attack rates can be estimated. Of 
previously non-immune individuals exposed by contact with infected family 
me! ibers about 90 per cent contracted infection as evidenced by the develop- 
mei't of a serological immunity. Those escaping infection were practically 
all idults, fathers more often than mothers. Of those infected 75 per cent 
dev -loped symptoms and about one third suffered from meningitis with or 
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Fig. 2. Monthly percentage distribution of paralytic poliomyelitis (dotted line) and of aseptic 
meningitis (uninterrupted line) in 1949/50. Stockholm Hospital for Infectious Diseases. 


without myalgic complaints whereas only one fourth displayed symptoms of 
pleurodynia. The remainder suffered from mild diseases of a grippal type, 
. These figures were based largely upon results 


classified as ‘‘minor illness’ 
of serological examinations. The virus recovery rate, even under the most 
favourable conditions, i.e., examinations being performed early in the course 
of the disease when positive results might seem most likely, seldom exceeded 
50 or 60 per cent and often remained at a level of between 30 and 40 per cent. 
Virus was more readily recovered from children than from adults. These facts 
have to be taken into account in an appraisal of the results of large scale 
diagnostic tests. 

Such examinations were carried out beginning in the spring of 1949. A 
preliminary account of the results on 1610 cases of established or suspect 
aseptic meningitis was published in 1952 (9), further data will be found in 
papers now in printing or under preparation (8, 15). These studies compri>cd 
material from a number of Swedish hospitals. As the most systematic attem ))ts 
were made at the Stockholm hospital for infectious diseases these studies 
will be briefly summarized.! 


1T wish to acknowledge my gratitude to Drs. J. Str6ém and J. Linpaut for their j.°lp 
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Fig. 1 shows the monthly admission of paralytic poliomyelitis and aseptic 
meningitis including non-paralytic poliomyelitis during the period 1949—52. 
Two facts are worth emphasizing. (a) Aseptic meningitis shows largely the 
same seasonal distribution as poliomyelitis. On closer inspection, however, a 
distinct difference between the two is demonstrable (Fig. 2), aseptic menin- 
gitis reaching its peak about one month earlier than paralytic poliomyelitis. 
In addition the shape of the curve indicates a heterogeneity when compared 
to the almost perfectly symmetrical poliomyelitis curve. (b) The case inci- 
dence of poliomyelitis was high in 1949/50, very low in 1951/52, whereas 
aseptic meningitis occurred at practically the same rate each year. These 
two facts indicate that aseptic meningitis appears as an epidemiological entity, 
independent of poliomyelitis but often simultaneous with the latter disease. 

No attempts at an etiological diagnosis of poliomyelitis were made in the 
study just discussed. It is not possible therefore to estimate with any cer- 
tainty the true proportions of non-paralytic poliomyelitis in this material. 
Such attempts were made, however, in connection with an epidemic in Malm6é 
in 1952, studied by JOHNSSON (15). Here, the same phenomenon as described 
above was observed, i.e., aseptic meningitis preceded paralytic poliomyelitis 
by about 6 weeks. The preliminary results indicate that about 30 per cent 
of the clinically manifest poliomyelitis cases ran a non-paralytic course. The 
remaining cases of aseptic meningitis, amounting to two thirds of the total 
number, appeared to have a different etiology. These observations have a 
bearing not only on the problem here discussed but also on the question of 
the differential diagnosis of non-paralytic poliomyelitis. The latter usually 
rests on epidemiological indications, i.e. cases of aseptic meningitis occurring 
in the same region and at the same time as typical paralytic cases are con- 
sidered as poliomyelitis. If these criteria had been applied in Malmé, a false 
diagnosis would have been established in two out of every three cases. 

By virological examination of the Stockholm material, Coxsackie virus 
infections were established in 5.9 per cent of the total number of patients, 
with 11.7 per cent in the age groups below 15 years and 3.0 per cent in adults. 
Taking into account that some of the cases undoubtedly were non-paralytic 
poliomyelitis and estimating the frequency of such cases to be proportionately 
the sime as in Malmé, the recovery rates of Coxsackie viruses from non- 
polionyelitie meningitis would correspond to about 20 per cent in children 
and 5 per cent in adults. Keeping in mind that the recovery rate in estab- 
lished infections seldom exceeds 40 per cent and that adults consistently 
vield less good results, we must consider these figures as indicating that a 
very substantial proportion of the cases of aseptic meningitis may be caused 
by Coxsackie viruses. 

This was even more clearly borne out in JOHNSON’s studies of the Malmé 
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epidemic. During the first half of the epidemic when aseptic meningitis 
reached its peak in September, Coxsackie virus type B3 was isolated in up 
to 40 per cent of the patients and their family contacts in the age groups 
below 15 years. 

The data now quoted indicate that there exists, in Sweden at least, an 
epidemiologic entity, appearing clinically as acute aseptic meningitis. }tio- 
logically Coxsackie B viruses are primarily incriminated. It is very probible, 
however, that this epidemiologically apparently homogeneous disease will 
prove etiologically complex. The role of the A viruses is so far not definitely 
established, although they probably contribute to a certain extent. I ur- 
thermore, the above-mentioned new agents, non-pathogenic to ordinary lab- 
oratory animals but causing cell degeneration in tissue cultures, have to be 
taken into account. In Malmé6, for instance, such agents were recovered from 
a group of patients, constituting a distinct outbreak clearly distinguisliable 
as a peak in the epidemic curve. 

All these agents have one characteristic feature in common; they appear 
in the intestines and are excreted in the stools. It is thus very probable that 
they are disseminated in identical ways and that the same external factors 
favour or inhibit their dissemination. Under these conditions their tendency 
of appearing in mixed epidemics is not surprising. On the other hand, the 
seasonal distribution of poliomyelitis, presumably disseminated in a similar 
way, seems to differ, slightly but distinctly, from that of acute aseptic me- 
ningitis. Why this should be so can at present only be subject for speculation. 
Only few systematic studies of the duration of virus excretion in the respective 
diseases have so far been reported. According to our very limited experience 
excretion of Coxsackie B viruses seems to cease within a few weeks, while 
poliomyelitis virus can frequently be recovered from the stools for months 
after the onset of the disease. If these isolated observations can be confirmed 
and extended to represent a general principle, this might be the explanation 
of the phenomenon. The infection with the shorter excretion period would 
be likely to be more rapidly brought to cessation when external conditions, 
once favouring dissemination of the virus, change in an unfavourable direction. 
Another interesting possibility emerges from DALLDORF’s (5, 6) observ: ions 
on the apparent antagonism between Coxsackie B and poliomyelitis vi! uses. 
DALLDORF’s hypothesis no doubt deserves further consideration. 

WALLGREN conceived acute aseptic meningitis as a new disease. As i! now 
seems to be largely associated with Bornholm disease, likewise compara’ vely 
new, it might be of interest to compare their histories. According to Syi VEST 
(18) the first known observations of Bornholm disease in epidemic propo! ' ions 
were made by FINSEN in Iceland in 1856 and 1865. In 1872 it was obs: rved 
in Norway, in 1888 in the U.S. The next outbreak was recorded in No way 
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in i896 and the following year no less than 4061 cases were reported, 75 per 
cen! of them in adults. Then in 1911 the disease reappeared in both Iceland 
and Norway. It was again reported in Iceland in 1918, in Norway in 1922 
and in the U.S. in 1923. In Denmark and Finland it was first described in 
1930, in Sweden in 1931. 

Jt is highly probable that the clinical manifestations of Coxsackie virus 
infections, like those of poliomyelitis, are to be regarded as diseases of 
civilization, their gradually increasing frequency being the result of a suc- 
cessive lowering of the general level of immunity. For the understanding of 
this development it is instrumental that the manifestations of infection in 
children are generally much milder than in the adult age groups. Exposure 
to the virus during the early years of life will therefore result in a silent 
immunization or in a mild disease generally not recognized as Bornholm 
disease. Only when a considerable proportion of the adult population has 
escaped such an early immunization may the introduction of the virus give 
rise to an epidemic of typical pleurodynia, on account of the rather alarming 
symptoms not likely to be overlooked. The preponderance of adults in the 
early statistics as well as the very late recognition of meningitis as a symptom 
of the disease have to be regarded against this background. 

Under such conditions the appearance of acute aseptic meningitis should 
be expected to precede that of Bornholm disease by a decade or two. It must 
be remembered, however, that, on account of the generally very mild symp- 
toms, the diagnosis can often be established only by a lumbar puncture and, 
thus, the recognition of the disease had to await the more widespread ap- 
plication of this technic as a diagnostic procedure. 

For these reasons a too close connection, either in time or geographically, 
cannot be expected. It may be pointed out, however, that the first recognition 
of acute aseptic meningitis in France in 1910/13 coincides with the Iceland 
and Norway epidemics in 1911, as do the Scandinavian observations during 
the post-war years 1919-24 with the 1918, 1922, and 1923 epidemics. The 
evidential value of these facts is doubtful, however. 


Ex sting evidence thus tends to indicate that the most common causes of 
acut: aseptic meningitis in Sweden are on the one hand the virus of polio- 
mye!tis, on the other intestinal viruses belonging to the Coxsackie group, as 
well -\s related, as yet only insufficiently known agents. Although etiologically 
tom; ‘ex the non-poliomyelitic meningitis appears epidemiologically homo- 
gene us with a seasonal distribution distinguishing it from poliomyelitis. In 
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the period so far studied Coxsackie virus B3 seems to have played the nivst 
prominent part within this group, linking it to the Bornholm disease. 

Hence, although the syndrome of acute aseptic meningitis as described by 
WALLGREN may be caused by a large number of different infectious age:its, 
it seems justifiable, for practical purposes and in conformity to WALLGRi\’s 
original conception, to consider under this term in its restricted sense only 
infections with certain non-poliomyelitic, intestinal viruses of which (ox- 
sackie virus type B 3 is at present the best known example. 

it is understood that the observations on which these conclusions are 
based may be strictly relevant only to the conditions in Sweden and under 


the period under study. 
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Fron the Departments of Pediatrics and Pathology, Vanderbilt University School 
of Medicine, Nashville, Tennessee. 


Acute Disseminated (Non-Lipid) Reticuloendotheliosis 


by AMOS CHRISTIE, RANDOLPH BATSON, JOHN SHAPIRO, 
H. D. RILEY, JR., ROY LAUGHMILLER and MILLIE STAHLMAN 


In several publications WALLGREN has dealt with problems related 
to storage diseases. In 1940 he advanced the idea that the so-called 
acute reticulo-endotheliosis bears close relationship to Schiiller-Hand- 
Christian’s disease and that these two maladies represent only dif- 
ferent types of one and the same underlying disturbance. Since then 
this idea has gained wider acceptance. The eosinophilic granuloma 
has also become incorporated in the same syndrome. In the following 
paper some of the inherent problems are discussed in a clinical con- 
ference at the Vanderbilt Pediatric Clinic. 


Doctor AMOS CHRISTIE (Professor of Pediatrics): On this Friday morning 
in January of 1954, we in the Department of Pediatrics and Pathology of 
Vanderbilt University School of Medicine in Nashville, Tennessee, will attempt 
in our small way to honor our friend, colleague and honorary staff member, 
Professor ARVID WALLGREN. Our relationship began when Professor WALL- 
GREN was selected as the tenth ABRAHAM FLEXNER Lecturer at Vanderbilt 
University. He spent three months in residence with us in the Spring of 1949, 
thus starting an association which has been cemented in subsequent years 
by an exchange of younger associates. This has meant much to us all. Such 
Old World contacts have enabled our Vanderbilt Staff to recapture some of 
the spiritual and intellectual features of our own culture. We, as well as his 
own associates and students, have been stimulated by such experiences. It 
has also allowed us to appraise a way of thought and of life which Doctor 
WALLGREN so ably demonstrates by his sense of real and true values to science 
and (o humanity. This is well illustrated by the contents of the volume to 
which we will contribute our present discussions. 

We have chosen to discuss a subject which could not help but interest 
Professor WALLGREN because of his contribution to its knowledge. As will 
be pointed out in the discussion to follow, we have also had a unique oppor- 
tuni'y to observe and study this condition. The material concerns acute 
diss’ ninated reticuloendotheliosis of the non-lipid type. It may surprise many 
to learn that in a relatively small pediatric service we have had the oppor- 
tuni y to observe 15 such cases since 1943. These have been proven by biopsy 
ora itopsy. No attempt will be made to include among our cases instances 
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of Hand-Schiller-Christian’s disease or eosinophilic granuloma of the bone, 
We believe, as did Doctor WALLGREN in his epoch-making paper in 1:40, 
that the more acute infantile form of the disease, with which we are presently 
concerned, is merely an early expression of a broad disease spectrum. The 
other extreme, characteristically chronic, is eosinophilic granuloma of the 
bone with Hand-Schiller-Christian’s disease being only one of the interme- 
diate manifestations of this disorder. 

Doctor Laughmiller, will you present the first case. 

Doctor Roy LAUGHMILLER (Resident Pediatrician): Case I, E.D., was a 
7 month old female who developed a pruritic rash on her forehead several 
months prior to hospitalization. She did not respond to symptomatic treat- 
ment. The rash soon became more extensive, involving primarily the abdom- 
inal and inguinal regions. Two weeks prior to admission, purulent nasal 
and oral discharge was noted. She was thought by her parents to have had 
intermittent low grade fever for several weeks. 

On admission to this hospital the patient was well nourished, well developed, 
restless and irritable. A seborrheic hemorrhagic rash was present on her scalp, 
trunk and inguinal areas. She was pale and had bilateral otorrhea, stomatitis, 
gingivitis, hepatomegaly and splenomegaly. 

Laboratory studies revealed a 3.8 million red count, 11 g hemoglobin, 
20,000 white count, normal differential, reduction in platelets, and a 4.2% 
reticulocyte count. Blood culture showed no growth, but exudate from the 
auditory canal grew Staphylococcus aureus. Animals inoculated with blood 
and tissue of patient remained healthy. X-rays of bones were normal. Skin 
lesions, after biopsy, were typical of disseminated reticuloendotheliosis. 

The child was given whole blood transfusions and discharged to the care 
of her family physician. She expired after several weeks. 


Doctor CHRISTIE: This was a fairly typical case. Undoubtedly, the sebor- 
rheic hemorrhagic rash, which we recognize as so characteristic, directed our 
attention to the diagnosis. Doctor Batson, will you discuss this point? 


Doctor RANDOLPH BATSON: Such a rash has been present in 10 of our 
15 cases. The lesions are usually generalized, maculopapular, greasy-appe iring 
and seborrheic with a peculiar predilection for the hairline, neck and inguinal 
regions. Often the appearance of the basic lesion representing reticulo: :do- 
thelial infiltration has been modified by hemorrhage. This eruption s 80 
characteristic that several members of our staff feel capable of always su: sect- 


ing the disease when it is present (Figs. 1, 2). 

The very young infant is likely to have the more typical rash and — ful 
minating course; whereas the older infant has fewer lesions and a prol: iged 
course, frequently associated with bone lesions. In both instances, hemor! ..age, 
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often cutaneous, appears as a terminal manifestation. This, no doubt, refle: ts 
extensive infiltration of the bone marrow. 


Doctor CHRISTIE: The rash is rather impressive and surely a leading dig- 
nostic sign. Doctor Batson, what were some of the other important signs «nd 


symptoms? 


Doctor BATSON: Other features of this disease are anemia, generalized 
lymphadenopathy, moderate enlargement of the liver and spleen, bone lesions 
on occasion, and roentgenographic changes usually interpreted as bronchio- 
pneumonia. The latter represents increased reticuloendothelial elements in 
the pulmonary tissue. Osteolytic lesions were demonstrated in 5 of our pa- 
tients. 

Doctor CHRISTIE: Doctor StahIman do yo know about any observations con- 
cerning abnormalities of the cardio-vascular system in reticulo-endotheliosis? 


Doctor STAHLMAN: No. The cardio-vascular system is singularly spared in 
this type of infiltration. 

Doctor CHRISTIE: Doctor Batson, you have summarized the signs and 
symptoms of our own 15 cases. Do you have other comments in regard to 
this? 

Doctor BATSON: It is interesting that our first patient with acute disse- 
minated reticuloendotheliosis was seen in 1943 and as Doctor CHRISTIE 
has said we have since accumulated 15 cases. The sex incidence is about equal 
and all of our patients have been of the white race even though we do see a 
considerable number of Negro children on our service. The age of onset lias 
varied between 1 and 13 months, while the duration was 1 to 12 months in 
those who died. 

Doctor CHRISTIE: Are there consistent laboratory findings to support such 
a diagnosis? 

Doctor BATSON: All of our patients had severe anemia, invariably requiring 
whole blood transfusions. Peripheral white blood counts were usually elev: ted 
due either to second infection or to an increase in large mononuclear cclls. 
Three patients had leucopenia, probably a result of extensive bone mariow 
invasion. This ‘‘erowding out’? of bone marrow elements also resulte: in 
platelet deficiency in the majority of our cases. 

Doctor CHRISTIE: Will you say something about the differential diagn sis 
and tell us how to diagnose this disease with certainty? 


Doctor BATSON: There is a striking similarity of this disease to dissemin: ‘ed 
histoplasmosis, another rather common, usually fatal illness in our loca: ty. 
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This is not surprising since both diseases either primarily or secondarily 
are associated with reticuloendothelial proliferation. Clinically, the two 
may be indistinguishable and unless organisms are found I understand that 
pathological differentiation is difficult. I have been impressed by the marked 
splenic enlargement, usually present in histoplasmosis, in contrast to the 
slicht .enlargement seen in acute disseminated reticuloendotheliosis. The 
presence of the rash in the latter case is, of course, helpful in making such a 
distinction. 

On occasion, such a rash may be interpreted as an expression of eczema, 
seborrhea, exfoliative dermatitis or even meningococcemia. The hepatospleno- 
megaly of disseminated reticuloendotheliosis often leads to the consideration 
of such conditions as leukemia, miliary tuberculosis, Banti’s disease, Cooley’s 
anemia or syphilis. Several of these errors in diagnosis have been made in our 


own ¢linic. 


Doctor CHRISTIE: Will you tell the group about our efforts to find an 
infectious agent in this disease? 


Doctor BATSON: Such efforts have been hampered by the unusual suscepti- 
bility of these patients to secondary infections, the signs of which may appear 
prior to recognizable symptoms of reticuloendotheliosis. Half of our patients 
had purulent otitis media, while others had pharyngitis, skin infections, 
mastoiditis, rhinitis, or pneumonia. One of our patients apparently recovered 
from reticuloendotheliosis only to develop pneumococcic meningitis on four 
separate occasions. All patients had fever which usually appeared early in 
the course of the disease. For the above reasons we have no evidence for 
incrimination of bacterial organisms even though many have been cultured 
from body tissues of the patients. 

In conclusion, I might add that thus far we have no conclusive opinions 
as to the etiology of this disease. Thus far our attempts to isolate a virus by 
tissue culture and chick embryo techniques have failed. It is interesting that 
2 of our patients were siblings, although they had never been in contact with 
eacli other. The sibling of another patient died several years earlier from 
“leukemia associated with a rash’’. No biopsy or autopsy had been done on 
the first child but the mother stated their symptoms were identical. 


Doctor CHRISTIE: Doctor Shapiro, you have studied all the material from 
our cases. I understand the lesions have certain basic characteristics. Will 
you tell us about them? 

I‘octor JOHN SHAPIRO: In disseminated non-lipid reticuloendotheliosis there 


are focal accumulations of large mononuclear cells in the tissues. Thus, the 
tha acteristic skin lesion includes a large number of these cells within the 
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corium. Such cells are often morphologically identical to the large phagocy ‘es 
normally present in the reticuloendothelial system. In other instances, in:ii- 
vidual cells are more immature in appearance with large dark nuclei suggest ive 
of neoplastic proliferation. Disseminated reticuloendotheliosis seems to be 
associated with a quantitative increase in large mononuclear cells which «re 
often in abnormal locations. In one case, focal aggregations of reticulo- 
endothelial cells produced granulomatous lesions of the ureteral mucosa. 
Such nodular accumulations may appear infectious in one instance «and 
neoplastic in another. 

There is constant involvement of the reticuloendothelial system with 
proliferation of the characteristic cells. This results in lymph node enlarge- 
ment, infiltration of the interstitial pulmonary tissue, hepatomegaly and 
splenomegaly, all of which are clinically recognizable. Accumulations of these 
abnormal cells in the marrow may cause not only anemia but focal rarefaction 
of bones, not unlike lesions characteristic of Hand-Schiiller-Christian’s disease 
and eosinophilic granuloma of bone. Within the lesions of acute disseminated 
reticuloendotheliosis one frequently sees large numbers of eosinophilic cells 
in addition to large mononuclear cells, the cytoplasm of which may contain 
phagocytosed lipids. In a particular microscopic section, it is difficult to 
determine whether the changes are those of non-lipid reticuloendotheliosis, 
Hand-Schiller-Christian’s disease or eosinophilic granuloma of bone. 


Doctor CHRISTIE: It will occur to many that from this medical center lias 
come much of the present-day knowledge of another type of reticuloendo- 
theliosis for which we know the infectious agent. I refer to histoplasmosis. 
The epidemiological significance of this is interesting but not clear. Doctor 
Shapiro, we have already mentioned the clinical similarities of the two <is- 
eases. Do you as a pathologist wish to comment in regard to this? 


Doctor SHAPIRO: It may be stated that on occasion the morphological 
distinction between the two would be near impossible except for the presence 
of the organism. However, Histoplasma capsulatum has been easily cultured 
from cases diagnosed pathologically as histoplasmosis while such organisms 
have not been cultured from those diagnosed as reticuloendotheliosis. 


Doctor CHRISTIE: Doctor LAUGHMILLER, in 1950, SHIMPKIN and his ¢o'la- 
borators described successful antibiotic treatment of acute dissemina‘ed 
reticuloendotheliosis. We have two patients who have responded in a sim lar 
manner. Will you tell us about the response of Cases 2 and 3 following aiti- 


biotic therapy? 


Doctor LAUGHMILLER: (Case 2) The first infant, a baby girl, was note: to 
have a rash over the arms on the first day of life. Because of this and } er- 
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Fig. 4. Photomicrograph of lymph node. Infiltration of pleomorphic mononuclear cells 
into lymph node. Note giant cells. 


sistent diarrhea, she was thought to be allergic. At 5 months of age, after 
numerous formula changes, hepatomegaly was first noted. At this time she 
was anemic and had mild generalized lymphadenopathy. Microscopic examina- 
tion of lymph node (Fig. 4) showed lesions typical of acute disseminated 
reticuloendotheliosis. Lytic lesions of the skull were visible roentgenographi- 
cally but none were seen in the long bones. Since then and for 8 months she 
has received aureomycin. At the age of 13 months she appears healthy, 
weighs 20 Ibs., and is approaching a normal developmental level. The rash has 
(lisappeared, the liver and spleen are not enlarged and the bone lesions cannot 


be demonstrated. 
Doctor CHRISTIE: What about the other case, Doctor Laughmiller? 


Doctor LAUGHMILLER: (Case 3) The second patient was a white male child, 
first seen at 6 months of age. Lethargy, present from birth, had been followed 
by intermittent diarrhea, vomiting and fever. He was poorly nourished and 
could not roll over or support his head. A macular rash covered his chest 
and hepatosplenomegaly was noted. Acute disseminated reticuloendotheliosis 
was suspected clinically and confirmed pathologically after splenectomy and 
liver biopsy. Radiation, 90 r, given over the anterior and posterior abdomen 
was followed by temporary improvement. He was readmitted at the age of 
8 months with bacteriologically proven pneumococcal meningitis. To this 
infe tion he had little febrile or leukocyte response. He appeared well after 
ant. iotic therapy but was readmitted at age 10 months, 13 months and 16 
mo: ths with recurrence of pneumococcal meningitis. Attempts to determine 


la- 
ed 
lar 
ti- 
to 


bo 


A. CHRISTIE et al. 


Defect in parietal bone. Fig. 6. Six months later. 


2: Healing of a destructive lesion in the skull. 


At onset of illness. Fig. 8. Six monts later. 


Case 2: Before and after recovery. 
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Fig. 9. Photomicrograph of liver. Focal mononuclear infiltration in portal triad. 


the focus of these infections, including craniotomy, were unsuccessful. The 
serum protein electrophoretic pattern was normal. 

During treatment of recurrent bouts of meningitis, signs of his original 
disease became less conspicuous, as evidence of permanent central nervous 
system damage became more apparent. Treatment on various occasions in- 
cluded penicillin, sulfadiazine, streptomycin, chloromycetin, terramycin and 
aureomycin. At the age of 23 years his weight was 333 Ibs. There was no evid- 
ence of reticuloendotheliosis but he appeared mentally retarded. 


Doctor CHRISTIE: Doctor Riley, will you tell us about the historical aspects 
of this disease spectrum? 


Doctor HARRIS RILEY: The spectrum of reticuloendotheliosis extends from 
storage diseases, such as Niemann-Pick and Gaucher’s disease, through 
Hand-Schiiller-Christian’s and Letterer-Siwe’s disease to eosinophilic granu- 
lom: of bone. Tuberculosis and histoplasmosis may also be cited as examples. 
In this conference we are concerned with acute disseminated reticuloendo- 
theliosis or Letterer-Siwe’s disease. Since Letterer’s description in 1924, 
approximately 41 cases have appeared in the literature. The disease has not 
been completely and clearly defined; first, because of the small number of 
cases in the literature; and secondly, because of lack of satisfactory termino- 
logy and classification. Further confusion has resulted from varying concepts 
concerning pathogenesis and failure to reproduce the disease experimentally. 
the period 1880 to 1932, ASCHOFF’s and ROWLAND’s investigations of 
the -eticuloendothelial system lent evidence to earlier studies of a previously 
unl: -ognized disease characterized by proliferative changes in this system. 
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The first known case of Hand-Schiller-Christian’s disease was described ‘vy 
SMITH in 1865 (16). Studies by HAND (6), KAy (7), SCHULLER (14) and 
CHRISTIAN (2) between 1893 and 1919 led to characterization of the dise.:s¢ 
as a triad consisting of diabetes insipidus, exophthalmos and defects of mem 
branous bones. Subsequently cases without the typical triad were recogniz«d. 


LETTERER (8) in 1924 published the first detailed description of a non-lipid 
form of reticuloendothelial hyperplasia. In 1933, StwE (15) presented his 
well-defined entity correlating the clinical findings with the pathological 
picture. Interest was then focused on the symptom complex by ABT :nd 
DENENHOLZ (1) who named it Letterer-Siwe’s disease. 


Doctor CHRISTIE: Doctor Riley, also at about that time, Professor Wall- 
gren made a monumental contribution to our knowledge of this disease. 


Doctor RILEY: In 1940, Professor WALLGREN (19) reviewed 23 cases of 
Hand-Schiller-Christian’s and Letterer-Siwe’s disease collected from the 
literature and his own clinic. He postulated that infection is incidental, not 
causal; that cholesterol accumulations are secondary; that Hand-Schiiller- 
Christian’s disease is not a xanthoma; and that Hand-Schiller-Christian’s 
and Letterer-Siwe’s disease are the same fundamental pathological process 
with different histologic phases depending on the chronicity of their respective 
course. Doctor WALLGREN felt that the only essential difference between 
Letterer-Siwe’s and Hand-Schiiller-Christian’s disease was the storage of 
cholesterol in the reticuloendothelial cells of the latter. He stated that foam 
cells occur only in cases with a duration of 3 months or more. He suggested 
that the absence of such cells in Letterer-Siwe’s disease could be explained 
by its rapid termination, thereby not allowing sufficient time for their accu- 
mulation. Thus, Professor WALLGREN presented the first true clinico-patho- 
logical correlation between the diseases establishing a logical premise out of 
pre-existing confusion. 

Interest was then focused on eosinophilic granuloma of bone, another form 
of reticuloendothelial disease. In 1940, ORTANI and EHRLICH (13) and LicH- 
TENSTEIN and JAFFE (9) independently recognized the process, characterized 
by solitary granulomatous defect in bone, the chief histologic cell being ‘he 
eosinophil. FARBER (4) postulated that eosinophilic granuloma represente:! a 
third manifestation of a basic pathological process. 

In recent years, this enlarged concept of non-lipid reticuloendotheli sis 
has received recognition in the United States. Most investigators now cons. ler 
them as clinical variants to a basic disorder of the reticuloendothelial syst m. 
It should be borne in mind that there are many transitional forms betw :en 
these various manifestations of the reticuloendothelioses. 
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lsoctor CHRISTIE: The intermediate or transitional cases are most interest- 
ing and will be important in the eventual clarification of these concepts. 
Some discussion of this is fitting and related to our own efforts in searching 
for the etiological agent. Doctor Riley, will you summarize this literature? 


Doctor RiLEY: MALLORY (11) agreed with WALLGREN that if the reported 
cases were studied in order of their chronicity, every grade of transition 
between the diseases existed. In early infancy the disease pursues a rapid, 
fulminating course, usually terminating fatally. In later infancy chronicity 
with lipoidal accumulation places such a syndrome under Hand-Schiiller- 
Christian’s disease. The third form, eosinophilic granuloma of bone, occurs 
in later childhood with usually focal bone lesions containing a chronic expres- 
sion of the same fundamental process. 

Controversy regarding these disorders continues. Many investigators agree 
with the concept of one fundamental process but others do not accept this 
hypothesis. Several reports demonstrate transition from one type to the other. 
FISHER (5) reports a two year old child with multiple bone lesions, biopsy of 
which was compatible with Letterer-Siwe’s disease on one occasion and with 
Hand-Sechiiller-Christian’s disease 4 months later. Two cases (10, 12) with 
single bone lesions, histologically compatible with eosinophilic granuloma, 
developed visceral manifestations of Letterer-Siwe’s disease and died. Other 
reports (3, 17, 20) illustrate transitional forms. On occasion and in retrospect, 
original diagnoses have had to be changed. WASHBURN (20) reported a 22 
month old boy with multiple bone lesions and abnormal blood studies as 
having myelogeneous chloroma. Twelve years later (21) it was apparent that 
the patient had Hand-Schiiller-Christian’s disease. 


Doctor CHRISTIE: The subject of acute disseminated reticuloendotheliosis 
of the non-lipid variety has been reviewed. A typical case was presented in 
addition to citing our total experience with 14 others proven by biopsy or 
autopsy. These cases well illustrated the classical clinical features such as 
maculopapular rash, hemorrhagic manifestations, anemia, generalized lym- 
phadenopathy, moderate enlargement of the spleen and liver, susceptibility 
to secondary infection and osteolytic lesions. These antomical lesions were 
apparently the result of reticuloendothelial proliferation and infiltration as 
revealed pathologically. Transitional clinical and pathological forms of mani- 
festitions of the disease spectrum have been discussed and the similarity 
bet.een this disease and histoplasmosis was noted. 

Two biopsy proven cases of acute disseminated reticuloendotheliosis have 
beer, apparently cured by antibiotic therapy. 

A brief review of the literature has been presented with emphasis on Pro- 
fessor Wallgren’s contributions to our knowledge of the condition. 
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This morning we send regards to ARVID WALLGREN. We wish him m: ny 


more healthy, happy years so that he might continue on an international 
scale to inspire our young pediatricians. His experience, keen clinical obserya- 
tions and judgement is typified by his contributions to the subject we hive 


reviewed. 
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From the Samariten Children’s Hospital, Stockholm. 
(Head: Professor Nits MALMBERG.) 


Infantile Hypertrophic Pyloric Stenosis 
Solved and Unsolved Problems 


by NILS MALMBERG 


It is still a matter of dispute whether pyloric stenosis is of con- 
genital origin or not. In his classical study of one thousand children 
in 1946, WALLGREN was able to demonstrate that the evacuation time 
of the stomach as studied by X-ray technique is completely normal 
in the first week of life in those children who later develop typical 
pyloric stenosis. Obviously the term “‘congenital’’ should be omitted 
in the clinical name of the disease. This question as well as other 
problems related to pyloric stenosis are discussed in the following 
paper on the basis of 165 consecutive cases observed at the Samariten 
Children’s Hospital, Stockholm. 


Although cases of infantile hypertrophic pyloric stenosis had already been 
observed and described during the eighteenth century, for instance by BLAIR 
in England in 1717, WEBER in G6ttingen in 1758, ARMSTRONG in England 
in 1777 and BEARDSLEY in the United States in 1784, it was not until 
HIRSCHSPRUNG, the Danish investigator, published his description of the 
condition in 1887 that it became more generally known. Since that date, this 
strange complaint, which manifests itself within such a limited age-period 
(the first two to three months of life), has been the subject of much interest, 
resulting in an almost innumerable number of publications. It must, however, 
be admitted that, whereas the question of the symptomatology and treatment 
of the disease has in large part been cleared up, its etiology still remains ¢ 
mystery despite all the efforts that have been expended on its solution. 

Scandinavian investigators, in particular, have made valuable contri- 
butions on the subjects of the pathogenesis, symptomatology and treatment 
oft) - ailment. Mention may be made here of WERNSTEDT, MONRAD, ERNBERG, 
FA\.N, SVENSGAARD, WALLGREN, RUNSTROM, RINVIK, ANDRESEN and SALMI. 

\ th respect to actual progress registered during the past twenty-five 
yea’., the direct roentgenographic demonstration of the strongly constricted, 
rigi’ peristalsis-free pyloric canal, as described by MEUWISSEN and SLOOFF 
in 1 33, seems to me to be especially worthy of mention as a valuable diag- 
nos! « aid. Speaking with greater scientific accuracy, it is a matter of a change 
in t ¢ distal part of the canalis egestorius. This method of examination has 
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subsequently been exhaustively studied and described by RUNSTROM, in 
Gothenburg. Thus, an objective method of examination has been made ay ail- 
able, which rapidly and conveniently for both patient and physician ¢' ves 
practically 100 per cent certainty as to the presence or absence of hypertro hic 
pyloric stenosis. Five years of personal experience have revealed nothin, to 
shake the opinion expressed by the present author in 1949. 

The other advance that has taken place is in the matter of treatment, 
which has been improved from both the medical and surgical points of view. 
Improved results have been recorded for both mortality and treatment time. 
However, when the latter aspects are being evaluated, it should be remem- 
bered that in the majority of countries the infants are now coming in for 
diagnosis and treatment much earlier than previously, owing to the fact that 
an increasing number of children’s specialists are applying preventive infant 
health measures. Treatment, either medical or surgical, can as a rule be 
begun before the disease has had time to affect the patient’s health to any 
marked degree. As regards the different forms of treatment, medical or sur- 
gical, equally good results with respect to the mortality apparently can now 
be obtained, provided that the possibilities for satisfactory isolation and treat- 
ment are available. The last-mentioned factors are of particular significance 
in the medical form of treatment, which usually, but not always, necessitates 
a slightly longer hospital stay than the surgical form. In my material from 
the period 1949—53 inclusive, in which scopyl-treated cases (66) are included, 
vomiting ceased within 3 days in 33 per cent of the cases and within 7 days 
in 60 per cent. With respect to the mortality, statistics from the last few years 
show good results from both the medical and surgical forms of treatment, 
the figures ranging from 0 up to a couple of per cent. 

In my material of 165 consecutive cases from the years 1934—53, 22 cases 
were surgically treated, all of them before March 1st, 1945, without any 
deaths. Subsequent to that date, all patients have received internal treatiient 
with scopyl (methyl scopolamine nitrate) as well as the usual dietary measures. 
With regard to the scopyl treatment the reader is referred to my previous 
article in Acta Paediatrica, 38: 472, 1949. The type of treatment and treat- 
ment results will be seen from the accompanying table. 


1/, 1934 to 1944 Medical treatment 59 
Surgical treatment 18 

1/, 1944 to 1953 Medical treatment 84 1f? 
Surgical treatment 4 


1 Nosocomial infection of septic type in the convalescent stage. 
2 Nosocomial infection of cholera infantum type. 
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Of the 143 cases treated medically 2 have died (1.4 per cent). Both the in- 
fants who died developed nosocomial infections of a type that could just as 
well have attacked infants treated surgically. 

| therefore consider that there is no reason to depart from the statement 
made in my previous work of 1949, that ‘ta case of hypertrophic pyloric 
stenosis should always first be subjected to some days of internal treatment. 
If a rapid improvement fails to take place, whether or not operation should 
be attempted in the individual case depends on the resources of the place in 
question for children’s surgery”. TALLERMAN expressed much the same opin- 
ion in 1951. “It is quite erroneous to state that the treatment of congenital 
pyloric stenosis is necessarily either purely medical or purely surgical. Some 
medical treatment is always necessary and surgical intervention may subse- 
quently be required.” 

In accordance with the title of the present paper, I shall first review some 
of the facts regarding infantile hypertrophic pyloric stenosis which may be 
described as indisputable. 

Thus, the manifest stage of the disease is confined to a relatively short 
period during the first few months of life, with a symptom-free or practically 
symptom-free period of a couple of weeks’ duration after birth. The disease 
does not occur in this form at any other stage of life. 

On the basis of clinical, roentgenologic and patho-anatomic observations, 
three periods in the course of the disease can be distinguished, namely, 

(a) an initial, latent stage of varying duration, in most cases apparently 
short; 

(b) a manifest stage, or the clinical disease in its true sense; 

(c) a terminal, latent stage which, judging by roentgenologic investigations 
in particular, but in some cases also by the pathologic findings, is present both 
after medical and after surgical treatment (FREDET-RAMMSTEDT) for a shorter 
or longer time, often for a very long period of from some years up to a couple 
of decades. In some cases, there is no manifest stage, the disease progressing, 
with respect to the vomiting symptom, in a latent form during the entire 
course (WALLGREN 1937, MALMBERG 1939, BEXELIUs). 

The disease is much commoner among boys than among girls. The usual pro- 
por‘ion mentioned is 80 per cent boys and 20 per cent girls. In my material 
of 155 cases, the proportion is 73 per cent boys and 27 per cent girls. 

‘The assertion made by earlier investigators with regard to the low incidence 
of ‘he disease among the Latin and coloured races as compared with its 
inclence among the Germanic and Anglo-Saxon races does not appear to 
hol. good (ROVIRALTA, OLNICK and WEENS, MCGAHEE, and others). 

t infrequently, the disease occurs as a familial phenomenon. Ever since 
the time of ARMSTRONG (1777) and up to the present day (HALBERTSMA 
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1949, CARTER and SAVAGE 1951), a large number of families with sev: ral 
vases of hypertrophic pyloric stenosis among the siblings have been observ «d. 
Families with hypertrophic pyloric stenosis through several generations hve 
also been described (KEIZER, and others). The occurrence of hypertrophic 
pyloric stenosis in twins is of special interest. According to a survey made by 
POWELL and CARTER in 1951, 17 pairs of monozygotic twins have been obser- 
ved and described, among whom the disease was present in both twins in no 
less than 12 pairs while it was present in only one twin in only 5 pairs. In 
contrast to this, we have the 29 pairs of dizygotic twins reported, in whom 
both twins were affected in only 3 pairs while in the remaining 26 pairs only 
one of the twins fell ill. 

In October 1953, METRAKOS described 3 pairs of monozygotic twins among 
whom both infants developed hypertrophic pyloric stenosis in 2 of the pairs 
while in the third pair only one of the twins showed signs of the disease. In 
a pair of dizygotic twins, only one twin, a boy, fell ill. Thus, apparently, when 
pyloric stenosis occurs in twins, both infants usually are affected when they 
are monozygotic twins, while only one of the infants in a pair of dizygotic 
twins usually develops the complaint. 

Hypertrophic pyloric stenosis occurs more often among first-born children. 
In my material, 57 per cent of the cases were first children. According to a 
survey from Birmingham, by McKEowN and others, the number of first- 
borns is particularly high among those children whose manifest symptoms do 
not begin until after the first two weeks of life. Among infants with symptoms 
beginning immediately after birth this predominance of first-borns is not 
apparent. 

Those children in whom the disease develops usually have a fairly high 
birth weight. In my material of 165 cases there were, it is true, two cases in 
which the birth weight was between 1500 and 2000 g, and seven cases in the 
2000—2500 g weight class, but no less than 60 per cent of the boys and 58 
per cent of the girls weighed over 3500 g at birth. 

In the vast majority of cases the manifest stage of the disease begins in 
the third or fourth weeks of life, in fewer cases it begins after the fifth week. 
This generally acknowledged fact is well illustrated by my material. The 
disease began in the first week in about 10 per cent of the cases, and in the 
second week in 15 per cent; there was a maximum of 25 and 22 per cont, 
respectively, in the third and fourth weeks, while for the fifth week the fi: ure 
was 16 per cent and for periods later than the fifth week 12 per cent. 

As I pointed out in my previous paper, it is remarkable how often the 
typical symptoms of projectile vomiting have been observed, in clcsely 
watched infants, to set in suddenly and acutely, many mothers being ab» to 
assign the exact day when the attacks began. Some mothers have « vet 
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becn able to give both the day and the actual time of day when the manifest 
syinptoms started without warning. In my larger material, a sudden onset of 
this kind was observed in the same proportion of cases as before, namely, in 
38 per cent. The incidence distribution among the different weeks of onset was 
in all respects parallel with the previously mentioned general incidence 
distribution. The first week of life formed an exception, however, no case 
with an acute onset having been recorded for this week. 

While the facts described in the foregoing may be regarded as indisputable, 
there are a number of other features, the question of the etiology, for instance, 
which either still give rise to differences of opinion or else have not yet been 
explained. I shall now proceed to discuss some of them. 

With regard to the occurrence of the disease ever different months of the 
year a few investigators (e.g. FAXEN) have not noted any definite accumula- 
tion of cases in any particular time of the year. Others, such as RINVIK and 
ROVIRALTA, have observed an especially large number of cases of hypertro- 
phic pyloric stenosis during April, May and June, while still others have con- 
sidered that there was also a concentration of cases, although less markedly 
so, around the autumn months. In my material described in 1949, there was 
a certain accumulation of cases between April and July and possibly also in 
September and October. The larger material now under review showed the 
same results regarding the case distribution over the year. No plausible 
explanation has been advanced to account for this apparently definite 
seasonal variation. 

Without touching upon the general symptomatology and the relative value 
of the different symptoms for diagnosis and differential diagnosis, I should like 
to discuss briefly the question of the palpable pyloric tumour. While some 
authors state that this palpable pyloric tumour is present in practically 100 
per cent of the cases, others—among them experienced physicians in this 
fieli—report entirely different palpation results (RIVAROLA 30 per cent, 
CALVIN and DENENHOLZ 20 per cent, MOURIQUAND 16 per cent, WALLGREN 
(1957) 11 per cent). Personally, I have already asserted in another connection 
that, in my experience, it is only in a few exceptional cases that a pyloric 
tuniour can be established with certainty by palpation. Especially in early 
tases, Where subcutaneous fat layers and the abdominal muscle tone have not 
yet been affected by secondary inanition, the prospects of palpating a tumour 
mu-t undoubtedly be small. It is obvious that the great variation in the 
reports regarding the palpation of this objective sign cannot be wholly or 
ent rely due to varying degrees of skill in palpation. I am, instead, inclined 
to «gree with ROVIRALTA’s assumption that in some instances a subjective 
facior may play some part, or to cite RovrRALTA: ‘‘Nous sommes convaincus 
que ce signe serait beaucoup plus rarement ‘observe’ s’il était recherché sur 
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des enfants dont on ne connaitrait pas Vhistoire clinique.”’ I should also |ike 
to remind readers here of LEREBOULLET’s and BoHN’s statement on ‘jis 
subject in 1934: ‘Pour notre part, nous l’avons noté dans les deux tiers environ 
des cas observés, mais c’est un signe, qui ne peut guére exister que chez les 
enfants déja notablement amaigris et il faut savoir faire le diagnostic de stén ose 
sans lui’. I can find no reason to depart from my opinion expressed in 1:49 
on this question, ‘that examination for palpable or non-palpable pyloric 
tumour is completely unnecessary, unreliable, time-consuming for the ph ysi- 
cian and unpleasant for the patient, whereas an x-ray examination gives the 
desired information rapidly, indisputably and conveniently”’. 

With regard to nomenclature, it has been, and still is, the custom in many 
quarters to describe the disease as congenital. There has been some difference 
of opinion as to whether hypertrophic pyloric stenosis is to be regarded as 
congenital or as a postnatal condition. An investigation carried out by 
WALLGREN (1946) about ten years ago was undoubtedly working in the right 
direction to throw light on this problem. Being able to arrange for a practically 
100 per cent comprehensive infant supervision under the control of specialists, 
he could be reasonably sure that all cases of hypertrophic pyloric stenosis 
occurring within a certain district would come to his notice. Working on the 
basis of an earlier investigation into the incidence of the disease in the same 
district, from which it was observed that 1 in every 150 boys suffered from the 
complaint, he took roentgen pictures of 1000 boys as soon as possible after 
birth. By doing this, he expected to encounter about 6 cases of the disease 
in a material of this size. Five of the infants thus examined showed manifest 
signs of the disease within 2—3 weeks. In none of the 5 cases were roent- 
genologic changes typical of hypertrophic pyloric stenosis demonstrated during 
the first week of life; not even in those cases in which the disease appeared as 
arly as 5 and & days after the roentgen examination were they apparent. 
The result of this investigation certainly does not point to the presence of 
congenital changes; it seems instead to suggest a postnatal origin. However, 
the possibility that the actual causative factor is already present at or im- 
mediately after birth cannot be excluded even after WALLGREN’s investiga- 
tion; not even WALLGREN himself is willing to press this point. One must, 
however, agree with WALLGREN when he says that his investigations ‘an 
hardly be said to have thrown any fresh light on the problem of the pathog« ne- 
sis of hypertrophic pyloric stenosis in infants”. My view on the nomenclature 
question is that, pending the final solution of the problem, the term conger tal 
hypertrophic pyloric stenosis should be avoided and the expression infa: tile 


hypertrophic pyloric stenosis used instead. 
The possibility of a congenital cause is, however, difficult to dismiss f om 
the mind. Typical patho-anatomic changes in the distal part of the cat «lis 
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egestorius have been observed in infants only a few days old. The early appea- 
rance of the disease in premature infants is another feature suggesting the 
sare likelihood. Still another feature indicating a congenital origin is the 
previously mentioned observation that, in monozygotic twins, both twins are 
neirly always affected, while in dizygotic pairs only one as a rule falls ill. 
The fact that a certain number of cases—10 per cent in my material—display 
symptoms already in the first week of life is another piece of supporting 
evidence. In one of my cases, the typical roentgenologic appearances were 
observed already on the thirteenth day of life. 

The large majority of children with this disease have, however, a symptom- 
free, or nearly symptom-free, period for 2—3 weeks after birth. As I pointed 
out in my previous publication, in some cases with an acute onset it has been 
possible to observe the typical, strongly contracted, peristalsis-free part of 
the pyloric canal within a few days or a week after the appearance of the symp- 
toms (in one case within 3 days, in two cases within 4 days, in six cases within 
5 days and in thirteen cases within 7 days). It would seem reasonable to pre- 
sume that the lesions producing the roentgenologic appearances could not 
have arisen in direct connection with the occurrence of the manifest symp- 
toms, in other words over the course of a few days, but must, instead, have 
developed before the symptoms appeared. On the other hand, there also 
seems good reason to believe that these lesions, muscular hypertrophy and 
pyloric occlusion, can arise within a very short period of time. The findings 
in some of WALLGREN’s cases, in the investigation mentioned above, also 
sugvest that the latter presumption may be correct. 

As has already been mentioned, a relatively large number of cases have ¢ 
sudden onset, with almost immediate symptoms indicating hypertrophic 
pyloric stenosis. It must be presumed that hypertrophy of the muscles requires 
some time to develop. This seems to me definitely to indicate two things, 
namely, (1) that it is not muscular hypertrophy per se that gives rise to the 
manifest signs of the disease; and (2) that the primary pathogenetic factor is 
not a spasm arising in the mucous membrane of the canalis section (due to 
lesions, rhagades, or other changes) and leading secondarily to muscular 
hypertrophy. If the latter were the case, then patients with a sudden, acute 
onset together with practically simultaneous signs of well-developed muscular 
hypertrophy would hardly be so numerous as I have shown them to be. A 
primary spasm of this type could not be expected to run a symptom-free 
course so often, and, as has been explained before, secondarily-produced 
muscular hypertrophy of the rigid character in question here would probably 
require some time to develop. 

I), my opinion, judging by all the signs available, the view already expressed 
by {TIRSCHSPRUNG and others, namely, that muscular hypertrophy is the 
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primary factor, is the correct one. It is my belief, as already stated, t:iat 


when this hypertrophy reaches a certain point, the mucous membriine 
changes (oedema, rhagades, and so on) arising as a result of the muse: lar 
hypertrophy block the already contracted canalis section and give rise to the 
manifest stage of the disease. Two circumstances lend support to this view, 
namely, the favourable effect usually obtained with spasmolyties (atropine, 
eumydrine, scopyl), and the fact that the hypertrophic and _ peristalsis-free 
section of the canalis persists after both medical and surgical treatment for a 
shorter or longer—often a very long—period while at the same time there is 
satisfactory passage and no vomiting. 

The etiology of this disease is still a mystery. No satisfactory explanation 
has yet been found. Scientific research on this aspect must, in my opinion, 
be based on two important facts, viz., the short period of time and the re- 
stricted age-period during which the disease is manifest, and the sex predo- 
minance it displays. Until these facts have been satisfactorily explained, no 
suggestions as to the etiology can be accepted. 

Many explanations of the origin of the disease have been suggested, but no 
acceptable solution has yet been advanced. The essential feature of the disease 
is the muscular hypertrophy in the distal section of the canalis egestorius of 
the stomach. Some investigators have attempted to interpret this as a mal- 
formation, pointing out that not infrequently other forms of malformation 
are concurrently present in infants with hypertrophic pyloric stenosis. On the 
other hand, STOLTE has drawn attention to the fact—very rightly, in my 
opinion—that malformations usually do not show signs of regression and 
disappearance such as occurs in this disease. 

Other authors have endeavoured to approach the problem by studying the 
innervation and ganglion cells in the involved section of the stomach. Accord- 
ing to McCREA (cited by BELDING and KERNOHAN), no vagus fibres run direct 
to the stomach distal to the incisura ventriculi, the canalis section being inner- 
vated indirectly through the hepatic vagus fibres. On the other hand, sym- 
pathetic nerve fibres from the plexus coeliacus run to all parts of the stomach. 
In the opinion of BELDING and KERNOHAN (1953), the separate and indejen- 
dent vagal innervation of the pyloric canal with peristaltic waves might 
conceivably be a predisposing factor in the development of hypertrophy of 
the circular musculature. Changes in the ganglion cells and nerve fibres de- 
monstrated by these as well as other investigators in all probability woul:' be 


secondary to the hypertrophy. 

However, these observations do not in any way help to throw light o1 the 
two fundamental facts mentioned previously in this paper, namely, the ‘me 
and age factor, and the sex predominance. 

Attempts have also been made to link up the disease with some horm \nal 
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influence, either of a maternal or of an autogenous origin. One of the earlier 
attempts on these lines was, as we know, STOLTE’s theory (1929) of a maternally 
conditioned hormonal influence on the canalis section of the stomach. It 
sees improbable that hormones from the mother could have such an effect 
with long continued muscular hypertrophy such as characterizes the latent, 
terminal phase. 

Those theories which are based on pre- and/or postnatal autogenous distur- 
bances in the hormone balance seem to me to be more probable. As early as 
1919, PrRIE suggested the possibility that the adrenal glands might play some 
part in the origin of hypertrophic pyloric stenosis. During the past few years, 
attention has been directed to an increasing extent on the role of the adrenal 
cortex, on account of observations made by JAUDON, FANCONI and LANDOLT, 
and LEVINE. FANCONI and LANDOLT have coined the term “Dyscorticismus’’, 
to describe certain disturbances in the function of the adrenal cortex. Pseudo- 
pyloric stenosis, which is characterized by copious vomiting, electrolyte 
losses and severe loss of weight, is one of the syndromes included in this 
dyscorticism. Of the greatest interest is the fact that FANCONI and LANDOLT 
have observed the concurrent occurrence of a true hypertrophic pyloric 
stenosis. 

As far as can be judged, one of the more likely lines of approach in the 
search for an explanation of hypertrophic pyloric stenosis would seem to be 
more comprehensive and specialized endocrinologic research, possibly with 
special attention paid to the adrenal cortex. 
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From the Department of Medicine, University of Lund, Malm6é General Hospital, 
Malm6, Sweden. (Head: Professor JAN WALDENSTROM.) 


The Changing Concepts of Multiple Myeloma 


by JAN WALDENSTROM 


As a young doctor qualifying for his specialist degree in Uppsala. 
WALLGREN studied a number of cases of myeloma and presented his 
observations in a monograph: “‘Untersuchungen iiber die Myelom- 
krankheit’’ (1920). In several respects this work has been decisive 
for modern conception of the semiology of this disease. Another out- 
standing research worker, who has been active in Uppsala over many 
years, presents in this paper current views on the etiology and the 
clinical picture of myeloma. 


The history of medicine may offer us many interesting hints as to the devel- 
opment of our thoughts on scientific subjects. An expression that has recently 
been coined and seems to mark a fruitful way of approach to many problems 
is the description of the ‘“‘natural history of a disease’. The first symptoms, 
the manner in which the pathological process develops, the factors favouring 
or counteracting the development of symptoms, and the ultimate outcome 
are all parts in this study. The realization of the fact that a disease is nothing 
static but is always dynamic, changing, has superseded the ideas based on the 
rigid concepts of cellular pathology. Modern pathologists have ali recognized 
this fact even if conservative thinking is still to be found among a small 
nuniber of pathologists, who regard a disease as something that is conclusively 
studied only at the post-mortem. 

Myeloma is a classical example of a disease, where clearer contours have 
continuously been added to the picture through clinical and chemical studies. 
One of the most important contributions towards a better understanding of 
this disease has been given by the eminent clinician ARVID WALLGREN and 
it i: therefore only appropriate that this subject should be treated in a volume 
dec.cated to him. 
|. the year 1919 when WALLGREN wrote his monograph on multiple mye- 
lon... with the title “‘Untersuchungen iiber die Myelomkrankheit”’ the diag- 
nos’, of this disease was quite rare. WALLGREN collected all proven or prob- 
ab! cases of multiple myeloma and put them into four groups: A, Definite 
cas: 95 such cases were accepted from the literature. It must be pointed out 
th: the publications he quotes do not contain more than 2 or at the most 
3 ses each, whereas practically all others treat only single instances of the 
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disease. In group B, Probable cases, there were 47 cases. This does not mike 
more than 142 cases in all from the whole medical literature. The fact t! vt 
WALLGREN was able to add no less than 14 cases during an 11-year period in 
Upsala of which he himself had observed as many as 8 is in itself proof tiiat 
the standards of diagnosis of this disease must have been very highly de, el- 
oped in Upsala. Group C contains a few ‘‘possible cases’’, and D such cases 
where the diagnosis was wrong according to the author. 

WALLGREN’s contribution has ever since been regarded as a milestone in the 
study of the disease. 

I am in the very unusual position of being able to answer the question 
whether myeloma may be specially common in Upsala, i.e., in the province 
where WALLGREN studied the disease, since I have had no little expericince 
in the same clinic. For four years I have also seen the incidence of myeloma 
in another part of Sweden, viz., in the city of Malm6 in the South of Sweden. 
The hospitals both in Upsala and in Malm6 serve a population of about 
200,000 persons and I am quite convinced that the incidence of myeloma was 
not higher in Upland. 

The cases in Upsala were divided among the following periods 

Before 1911 2 cases 
1911—20 cases 
1921—30 cases 
1931—40 10 cases. 

In Malm6 there were 11 cases in 4.5 years. These 41 cases are unique in so 
far as they represent all patients with the disease diagnosed in two special 
districts. They show an equal frequency of males and females (21 : 20). This 
is no confirmation of occasional statements to the effect that males are more 
commonly afflicted than women. Probably there is no difference between the 
Sexes. 

The age distribution of these two materials is found in Fig. 1. 

It is remarkable that the maximum in this unselected material occurs so 
late, for it has been maintained that the age group 50—60 presents the hig! :cst 
incidence of the disease (SNAPPER et al. 1953). 

Another question raised by WALLGREN and answered by him in the nega! ive 
was the possible role of heredity. It was impossible at that period when ‘lie 
cases were comparatively few to decide this question conclusively. This as 
also pointed out by WALLGREN. I have tried to get an answer by registe: ing 
the parishes, where all Upsala patients from the period 1909—1942 \ cre 
living. The rural population in Upland has been rather stable and here: ‘ty 
would almost certainly have shown up as a collection of several cases in cer: (in 
places. This does not seem to be true however (cf. Fig. 2), and I feel convi: ed 
that WALLGREN’s remarks (translated from German) still hold true: ‘... we 


previ 
protec 
deser 
We « 
and 
insta 
| 
Geri) 
last 
rece) 
Case 


(K 


| 

| 
| have 
| deve 
the « 
rect, 
At 
of di 

rare 
this d 
Obs 


THE CHANGING CONCEPTS OF MULTIPLE MYELOMA 89 


20 
NUMBER 
OF 
CASES 
OF 
MYELOMA 


FACE < 40 41-50 51-60 61-70 71-80 


Fig. 1. Age distribution of 41 consecutive cases. 


have not yet had the chance to decide the importance of heredity for the 
development of the disease. If we are allowed to judge from present knowledge, 
the conclusion that hereditary factors do not play any role seems to be cor- 
rect.” 

According to my opinion the whole problem of the geographicai pathology 
of different diseases should be given much more study than has been done 
previously. I have been struck by the fact that another malady also giving 
profound disturbances of the protein pattern, namely the macroglobulinemia 
described by WALDENSTROM and PEDERSEN, was not uncommon in Upland. 
We collected six cases from this province and know of one from Norrland 
and one from Narke. In Malmé6, however, we have not been able to find any 
instance of this disease and only one case is as yet known from Skane. Other- 
wise the disease has been found in a number of European countries, France, 
Germany, Denmark, Switzerland and does not seem to be very rare in the 
last-named country, where no less than 12 cases have been published during 
recent years. A publication from SCHULTEN’s clinic in Cologne described four 
cases of macroglobulinemia against seven cases of myeloma in the same year 
(K.\ <zow, 1954). The author concludes that the malady is perhaps not so 
rare as has been thought. I shall later discuss some other problems regarding 
this disease and its connections with multiple myeloma. Several of the cases 
obs rved at the Upsala clinic had their homes in one special part of the prov- 
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Fig. 2. Geographical distribution of the cases of myeloma in Upsala county during 
period 1909—1942. 


ince and it does not seem improbable that hereditary or environme 
factors might explain this fact. 

It is interesting to note that the three cardinal symptoms conclusiv: 
the diagnosis multiple myeloma—bone pain, skeletal deformity, and ‘a 
mosuria’’—were the same at the time of WALLGREN’s work in 1919 as 
had been when KAHLER formulated his “Triad” in 1889. 

Another thirty years have elapsed and now the roentgen picture, 
sternal punctate and the analysis of the serum proteins have substit 
the old criteria. It is still believed by many that the last of KAHLER’s t 
signs, albumosuria, i.e., Bence Jones protein in the urine, is a common 
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the most important diagnostic finding. Many, even recent, authors still main- 
tain that it is present in a high percentage of cases. 

It is very interesting, and teaches us an important lesson regarding the 
changing concepts of medicine, to compare the incidence of Bence Jones 
proteinuria in different materials of multiple myeloma cases. 

WALLGREN has studied this question very carefully and his data summarize 
the position of this problem about 1920. Among 118 cases with verified 
multiple myeloma there were 28 where we had no data regarding the urinary 
findings. In the other 90 the urine was free from protein in 17, i.e., in 20 
per cent. In 24 of the others no special search for Bence Jones protein had 
been made. Onty in 7 was it definitely stated that Bence Jones protein was 
missing, whereas in 42 cases this substance was found. Among WALLGREN’s 
14 own cases two had no proteinuria; eight showed definite Bence Jones 
protein in the urine. In the other four there were no reliable data regarding 
the urinary findings. This means that the substance was found in 8 out of 
10 cases from Upsala during this period. 

This may be compared with the most recent experiences. 

In another paper, the present author has discussed all the cases treated in 
the Medical Clinic in Upsala during the 14-year period 1929—1942. During 
this time 15 cases were diagnosed as multiple myeloma. The seven last cases 
from this period showed no initial excretion of Bence Jones; in one case the 
substance was found once in a large series of urinary examinations. 

SNAPPER et al. are of the opinion that the symptom occurs in 50 per cent of 
all cases. They probably mean that this is true of some stage of the disease 
but it is evident that this might imply that it occurs late or sporadically. 
This tends to diminish its diagnostic importance considerably. 

What may be the difference explaining these discrepancies? The answer 
is simple. During the period 1909—1919 there were in all 14 cases of multiple 
mycloma. In the period 1931—1940 we had 10 cases. In the first material the 
chief initial symptom was regarded to be a positive Bence Jones test; in the 
second it was a high erythrocyte sedimentation rate. The confirmation of the 
diacnosis was then found in the sternal puncture and the roentgen picture. 
In \ialm6é among the 13 cases since 1949 there are only 3 cases with a positive 


fin’ ng of Bence Jones protein against 10 where this substance could not be 


der onstrated. 

is evident from the above that all our statistics regarding the frequency 
of. lefinite symptom in a given disease are of limited value if this symptom 
is ued as chief criterion for the diagnosis. During the present era in multiple 
my: oma research it is clear that the diagnostic importance of a disturbed 
pro.-in pattern in the serum will be overemphasized. The incidence of normo- 
prc cinemie myeloma is probably higher than would appear from our present 
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experiences from Upsala and Malmé, where the derangement of the serum 
protein pattern is the chief reason for suspecting myelomatosis. 

Regarding the speeificity of Bence Jones proteinuria for multiple myeloia 
our ideas are not yet quite settled. Some authors believe that Bence Jones 
proteinuria is only found in multiple myeloma and allied conditions. Others 
are of the opinion that this substance may also be present in lymphiutie 
leukemia. I have personally seen typical Bence Jones protein in the urine 
from a patient, who otherwise showed all the signs of a lymphatic leukeniia. 


This problem should be further investigated with modern methods. 


The part of WALLGREN’s study that has been most widely quoted and 
where his conclusions have been of fundamental importance for all other 
work on this subject is the chapter entitled ‘““Die Natur der Myelomzellen”. 
It had been generally accepted that these cells were of many different types. 
The following table translated from WALLGREN’s work is an excellent example 
of this multiplicity of the myeloma cells according to previous concepts. 


Lympho- Round Plasma Myelo- Srythro- Myelo 
cytes cells cells blasts blasts cytes 
1845-1874 6 - -— 
1875-1889 3 - 
1890-1894 1 a ~ 
1895-1899 2 4 — - 
1900-1904 9 3 11 1 ] 
1905-1909 1 15 --- 
1910-1914 1 15 7 — 
1915-1919 - - 2 + 2 
1920 - 2 - 
Total 6 30 35 37 3 l 


WALLGREN made a thorough study of the histological 
cells in 13 cases from Upsala and came to the conclusion that all these 
tinctions between cells of different origin could not be upheld. He ther 


appearance of 


suggested the more indifferent name: myeloma cells. This has later | 
adopted by all investigators, who have worked with this problem. WALLG 
was of the opinion that lymphocytic cells did not form the myeloma tis 
> at present that conditions, where the bone marrow is f! 


It is quite clea 


with lymphocytes, are of a different nature. Either there is present a |! 
phatie leukemia with its typical clinical picture or else we have an inst: 
of macroglobulinemia with its characteristic serum protein pattern. Practic 
all our recent exact knowledge regarding the cytology of myeloma and sin 
conditions is based on the results of sternal punctures. The varying ide: 
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different, even well-known, pathologists regarding the true nature of myeloma 
cells as quoted by WALLGREN give a very vivid impression of the dangers in- 
curred when bone marrow was only examined in cut sections. 

(juite different is the exactness with which we may judge a fresh smear 
from a marrow puncture fixed and stained in a standardized way (cf. WINT- 
ROBE, ROHR et al.). Such studies have amply confirmed WALLGREN’s state- 
ment that there is one myeloma cell. Most authors seem to agree nowadays that 
this cell is derived from the normal bone marrow plasma cell. There are, how- 
ever, myelomas where these cells are more or less differentiated. Some authors, 
eg. OLHAGEN, THORELL and WISING, are of the opinion that cases of myeloma 
with highly differentiated cells mostly show high concentrations of y-globulin 
in the serum whereas a high content of /-globulin is seen in myeloma cases 
with less differentiated cells. These findings have not yet been confirmed by 
other authors and the present author, who has had some personal ex- 
perience with cases of myeloma both of the y and the / type, has not been 
able to find any remarkable differences. The only experimental way to prove 
this would be to try to sort out a number of /-myeloma punctates among a 
mixed collection of 6, y and normoproteinemic myeloma punctates. 

The chief reason why myeloma has been extensively studied during the last 
decade is its connection with the problem of protein synthesis. In WALLGREN’s 
monograph the only disturbance of protein metabolism that could be dis- 
cussed was Bence Jones protein in the urine. A few years after WALLGREN’s 
study the first observation on the blood proteins in myeloma were published. 
tecent investigations with the aid of electrophoresis, ultracentrifuge and 
sera containing specific precipitins have given us a very thorough know- 
ledge regarding the protein spectrum in different conditions. One of the chief 
results of these studies has been the general classification of myeloma cases 
according to the electrophoretical protein fraction that is found to be in- 
reased. It was noted that the large majority of cases have an increased y- 
fraction, whereas increments in the f-fraction are much more uncommon. 

Much rarer still are the cases where the «-globulin is the chief component 
in the protein spectrum. Personally I have been very critical against this 
group as we have never seen any case in Sweden. On the other hand, there 
are a few cases in the literature where this diagnosis can hardly be questioned. 
The patient SANDKUHLER-WUHRMANN, and some of the patients from the 
naterial of SNAPPER et al. 1953 must be accepted. Otherwise the large major- 
ity siould be regarded as symptomatic increases in «-globulin caused by in- 
fections, renal complications, ete. 

Tie next group of cases according to electrophoretic analysis are the 
lori.oproteinemic patients. Probably the first instance of this kind without 
exertion of Bence Jones protein was published by WALDENSTROM and PE- 
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DERSEN. The clinical picture was completely typical but both the elec’ ro- 
phoretic and the ultracentrifugal protein pattern were essentially norma!. A 
number of such cases have been described later. Some authors regard these 
cases as representing minor disturbances of the protein pattern. This is hardly 
correct as the values lie inside normal limits. 

We all know that serum albumin is often decreased in different clinical 
conditions; an increase is never present and a case of myeloma with high 
serum albumin will probably never be found. It seems evident that serum 
albumin is formed in the liver and not in the plasma cells of the bone marrow. 
If «-myeloma is accepted this would mean that the «-fraction or at least part 
of it is formed by plasma cells. The importance of a really thorough analysis 
of all cases of a-myeloma is therefore evident. 

Another disturbance that has been very little mentioned in the literature 
on myeloma is a low y-globulin. The recent publication by SNAPPER ¢/ al. 
contains two or possibly three such cases. We have recently had an oppor- 
tunity of observing one patient in Malm6 with the same disturbance. The hone 
marrow in this patient was somewhat atypical and she suffered from severe 
leukopenia. 

Recent studies of the interesting condition called agammaglobulinemia 
have shown that these patients have a very low content of y-globulin in their 
blood. At the same time their antibody titre is extremely low and they seem 
to have lost the capacity of synthesizing specific antibodies. Together with 
KULNEFF and PEDERSEN I have had an opportunity of investigating tliree 
such cases where it was found that the electrophoretical y-globulin was prac- 
tically absent and also the 7-component in the ultracentrifugal diagram was 
not developed. PEDERSEN and the author have previously pointed out the 
parallelism between changes in the y-fraction and in the 7-component. Our 
recent observations seem to speak in favour of an intimate connection be- 
tween the two. 

Ultracentrifugal studies of the serum proteins in myeloma have been 
carried out by PEDERSEN and the author. It was found in y-myeloma that the 
7-component was nearly always increased. Only in rare instances was ft /iere 
found an increased 11-component, i.e., a high molecular y-globulin. Also in 
fp-myeloma the same type of changes was seen with an 11-component oc- 
curring only in rare instances. Ultracentrifugal studies do not seem to !:ave 
been performed in «-myeloma. This is to be regretted as we know very | ttle 
about the sedimentation constant of this group of globulins. It seems 108- 
sible that the plasma cells build up that part of the protein that corresp \nds 


to the 7-component. 
It may well be asked if the division of myeloma into several group: ‘ 
cording to the electrophoretic globulin pattern has real foundations in « dif- 
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ferent clinical picture. The problem is certainly well worth a thorough in- 
vesiigation. As yet nothing definite is known regarding this subject. Re- 
garding the prognostic importance of different protein patterns WUHRMANN 
and WUNDERLY have expressed the opinion that normoproteinemic myelomas 
and a-myeloma have an especially rapid course. Also this assumption awaits 
further confirmation from other authors. 

A very interesting type of disturbance is present in a condition that re- 
sembles lymphatic aleukemic leukemia or myeloma but is in all probability 
a distinct entity. The histological characteristic of this disease is the presence 
of small lymphocytoid cells in the bone marrow in large amounts. In bone 
marrow smears these cells are often spindle-shaped and budding and shedding 
of the protoplasm is common. It is quite certain that these cases were pre- 
viously interpreted as instances of lymphoid myeloma. The testing of the 
serum, however, with the aid of three simple reactions shows us that a specific 
condition is present. The test of Sia or Brahmachari is very strongly positive: 
A test tube is filled with distilled water and one drop of the serum to be tested 
is allowed to fall down into the water. This does not normally give rise to any 
marked precipitate. In the presence of large amounts of euglobulin however 
this test becomes strongly positive with the formation of a heavy precipitate. 
This euglobulin may be redissolved in normal saline and precipitated on 
dilution or after dialysis against water. The sera always show a false positive 
thymol turbidity test. The precipitate is then caused not by the thymol itself 
but by the dilution in a buffer with a low content of electrocytes. The third 
reaction that is of great help is the determination of serum viscosity and its 
temperature index. This temperature index is always very high in these cases, 
which is of great help for the diagnosis. The final decisive test is ultracentri- 
fugation which shows a large amount of high molecular globulin, the 19—20 
component, i.e., the macroglobulin, to be present in the serum. In several 
cases the examination of the sternal punctate alone has sufficed to make the 
diagnosis very probable. In others the water test and viscosity measurements 
lave given good indications but the final proof is always the result of ultra- 
entrifugation. There are no bone pains and the typical roentgen picture of mye- 
loma is not found. The course is usually protracted but the ultimate outcome 
is always fatal. The chief symptoms are lassitude, bleedings from nose and 
gums (often oozing), edema, progressive and ultimately severe anemia, and 
excessive hyperglobulinemia with low serum albumin. The hemorrhagic 
tend-ney has been connected with the finding of tissue mast cells in increased 
amounts in the bone marrow (TISCHENDORF and HARTMAN). In our latest 
‘ase of macroglobulinemia, which is to be published with Dr. INGA NILSSON, 
the »resence of increased amounts of heparin and the positive influence of 
rot. mine injections on the coagulation defect are noteworthy. 
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It should be pointed out, on the other hand, that increases in another high 
molecular globulin fraction may be found as a symptomatic disturbanc« in 
some other diseases such as nephrosis and disseminated lupus erythemato ‘es, 
As always in clinical medicine only the clinical picture together with biochem ical 
findings can give the correct diagnosis. 

It seems of importance to note that WALLGREN’s conceptions regarding the 
uniformity of the “myeloma” cell have been amply confirmed. A lympho- 
cytoid bone marrow indicates the probable presence of macroglobulinemia 
with a different clinical picture and, above all, a development that is 
different from myeloma. 

I have tried to analyse the changes in our ideas regarding myelomatosis 
through an analysis of the symptoms regarded as most important during 
different periods either in the literature or in the material studied by W A\LI1- 
GREN in the second decade of the twentieth century. The uncertainty of all 
figures for the occurrence of a definite symptom is evident. A critical syn- 
thesis of all important diagnostic data is the only basis for clinical diagnosis. 
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From the Child Health Division of the Royal Medical Board of Sweden 


Medical Child Care in Sweden 


Short Review of its Development, Importance and 
Immediate Objectives 


by JUSTUS STROM 


During the last 25 years one of the main developments within the 
field ot pediatrics has been the appreciation and increasing applica- 
tion of social aspects of childhood problems. Sweden has been for- 
tunate enough to have had farsighted pediatricians guiding this de- 
velopment. Of these WALLGREN has been one of the leading men. 


Prevention is better than cure. The truth of this saying is perhaps more 
strikingly illustrated in child welfare than in any other field. But prophylaxis 
demands a more profound medical knowledge and greater public resources 
than does therapy. In consequence, the development of child welfare in its 
medical aspects is of later date than hospital treatment for children. 


The Development of Child Medical Care 


Hospital treatment in Sweden commenced in a modest way in the middle 
of the 18th century. A hundred years passed before the first specialized 
treatment of children was introduced with the foundation of a chairin paediat- 
rics in the year 1845 and of a children’s hospital in Stockholm. A second 
paediatric clinie was opened in the capital in 1854, followed in 1857 by a 
children’s hospital in Gothenburg, Sweden’s second largest town. 

luring the next sixty years the medical care of children advanced compara- 
tively slowly; two further children’s hospitals were opened in Stockholm, 
and clinies were established in the university towns of Lund (1900) and Upp- 
salx (1911). A number of reforms were introduced in the 1930’s, when the 
question of the declining birth rate was becoming acute, and from the time 
of ('.« decision in 1939 to provide State support for the building and organiza- 
tion of children’s hospitals a rapid advance began to be made. 

I, 1952 there was at least one children’s hospital in each of the six largest 
self .dministrated towns in Sweden and in twenty of the remaining twenty- 
five areas controlled by County Councils. The country possessed, in all, 34 
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children’s hospitals with 2,027 beds, or 1.23 beds per 1,000 children up to 
the age of 14. These children’s hospitals constitute also the basic organization 
for welfare work among children. During the last ten years, moreover, it !:as 
become increasingly common to engage paediatricians for the care of newborn 
infants in the maternity departments. 


The Development of the Child Welfare Service 


A counterpart to the ““Goutte de lait” milk centres, started in France at 
the end of the 19th century, was established in Stockholm in 1901 under the 
name of “Mjélkdroppen’’. This first centre was soon followed by others in 
the capital as well as in the larger and medium-sized towns of Sweden. In 
rural districts, on the other hand, only a few isolated centres were opened. 

Children’s doctors immediately realized the importance of this welfare 
service to infants. In 1923 the Section of Paediatrics of the Swedish Association 
of Physicians presented a petition to the Crown for the extension of Child 
Welfare Centres in Sweden. A resolution to this effect was passed by the 
tiksdag in 1937. Children’s doctors have since continued to work assiduously 
for the furthering of this organization, and among them in particular WALL- 
GREN, who has been its vigorous advocate both with the written and the spoken 
word. In 1940 the first edition appeared of his textbook and work of reference, 
“Prophylactic Care of Mothers and Children”, addressed to medical and 
social welfare workers. 

In 1938 State aid for the Maternity and Child Welfare services came into 
force. This was the signal for intense development in all parts of the country. 
The Royal Medical Board supervises these services. Within five years the 
organization had grown to such an extent that 90 per cent of the mothers 
and children in the country were able to receive the benefits of this form of 
welfare, and after a further five years there was hardly any part of the country 
without its welfare organization. Care is administered free of charge, «nd 
preventive medicines (vitamins, iron, etc.) as well as preparations for treating 
complications during pregnancy can also be obtained free. In 1944 a decision 
of the greatest importance to country dwellers was made, ruling that patients’ 
journeys to and from medical centres should be paid out of public fund: 

Three main types of Child Welfare organizations are in existence. ():ld 
Welfare Centres, type I, are under the charge of a paediatrician assisted yv 
trained children’s nurses; type II are in the charge of a physician particul: "ly 
interested in this kind of care (in small towns where no specialist is availa! '°) 
and assisted by children’s nurses; the third type comprises Child Wel! :re 
Stations in country districts, which are managed by district medical offi: ’s 
with the help of district nurses. The medical officer also visits branch cen‘ '°s 
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TABLE 1 


Extent of health control in 1952. 


Mothers | Infants | 1 yr.|2 yrs.|3 yrs.|4 yrs.|5 yrs.|6 yrs. 
Supervised, % ... . 71 91 79 50 17 11 8 
Mean No. of visits to 
% 2.5 2.9 1.4 0.9 
Mean No. of visits to 
midwife or nurse. . 1:5 0.9 0.3 0.2 
Mean No. of visits to 
homes by midwife or 


in different parts of the district. In 1952 we had in Sweden 145 centres of 
type I, 65 of type IT, 537 rural stations, and 939 branches. (In the following 
the term centres will be used to cover all the above types.) 

The maternity welfare work is organized in the same way. Centres of type I 
are under the supervision of a gynaecologist. At all types of maternity welfare 
centres the physicians are assisted by midwives. 

Figures are given in Table 1 to illustrate the use made of the organized 
welfare services in 1952. In that year 110,134 live births were recorded in 
Sweden. 

It is evident that more has been done for infants than for mothers, pre- 
sumably due to the fact that no voluntary maternity welfare organization 
existed previously and that private practitioners are consulted to a greater 
extent on behalf of mothers than of infants. Also, the care of small children 
from 3 years upwards is on a comparatively small scale, the possibilities of 
the organization being limited, particularly in rural areas, by the size of di- 
stricts and the shortage of district nurses. In 1952 the supervision of infants 
and 1-year-olds was to the extent of 38 per cent in the hands of paediatricians, 
as ugainst 48 per cent for children from 2 to 6 years, the latter service being 
most developed in the larger towns where paediatricians are available. 


The Objectives of Child Welfare as regards Physical Health 


The supervision of children’s feeding is quite naturally of the greatest 
im) ortanee. As regards infants, the main objective is to encourage breast- 
fee ng to the greatest possible extent. The results of this work have been 
ext:omely good in spite of a certain deterioration in the last few years. Thus, 
du: ng the years 1945—47, in round figures, not including “‘allaitement mixte”’ 
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78 per cent of infants were breast-fed up to 2 months, 58 per cent up to 4 
months and 43 per cent up to 6 months of age. In 1952 these figures had 
diminished to 74, 51 and 35 per cent respectively. The reasons are presumally 
that a greater number of mothers are working professionally, that genera!ly 
good results are known to be obtained with artificial feeding, and, perhay)s, 
that easily prepared commercial baby foods are on the market. 

It is obvious that one of the objectives of the centres is the fighting of 
deficiency diseases. The previously so common rickets and spasmophilia «re 
now rare among supervised children thanks to the thoroughness of vitamin D 
treatment. Thus in 1950 KARLSTROM demonstrated from hospital material 
that the frequency of rickets and spasmophilia was ten times less among 
children attending welfare centres than among other children. Anaemias :ire 
combated prophylactically by dieting and the administration of iron medicines, 
as required. In his above-mentioned investigation KARLSTROM found that 
anaemia was three times more common in children without supervision than 
in children attending welfare centres. 

The child welfare organizations have, furthermore, a prophylactic service 
to perform in respect to certain infectious diseases. Thus an attempt is made 
to perform the compulsory smallpox vaccination at the appropriate point of 
time at the Centres rather than arranging set times for mass vaccination. 
In 1952 vaccination of 46,500 infants, or 41 per cent, was done at the Centres. 
During the war when diphtheria was introduced into Sweden through refugee 
children from other countries, a campaign was launched for vaccination 
against this disease, which was also largely performed at the Centres. At 
present efforts are being made to introduce voluntary vaccination against 
diphtheria, tetanus and whooping cough (triple vaccination) at the Centres, the 
aim being to give three injections between the fourth and sixth month of life. 

The Centres also have a purpose to fulfil in the fight against tuberculosis. 
BCG-vaccination, for which WALLGREN has striven for a long time, has now 
been voluntarily introduced on a wide scale. The vaccination is performed on 
the newborn babies in the maternity institutions, in which 97.7 per cent of 
the children were born in 1952. In that year no less than 92,355 of the 101,043 
infants under supervision were vaccinated, or 91 per cent. If vaccination !\as 
not been done in the maternity institution, the parents are encouraged to 
have the child vaccinated as soon as possible either at the Centre or at ‘lie 
Tuberculosis Dispensary. Thereafter it is the responsibility of the Centre to 
check that the child’s tuberculin reaction remains positive. Non-vaccina’ ed 
children should be examined at regular intervals to see whether they h: ve 
become positive. In 1952, out of 2,078 non-vaccinated children tested or 
tuberculosis, 14 were positive, i.e. 0.67 per cent had been infected by tul:r- 
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it is, further, part of the Centre’s task to give every kind of advice regarding 
the general care, short of administering medical treatment. The dividing 
line is, of course, rather fluid. Skin treatment and the simple treatment of 
syinptoms of atopic dermatitis is given, as also of common digestive disturb- 
ances and dyspepsia in infants. 


Effect of Child Welfare as Revealed by Decline in Infant Death Rate 


To the physician who has worked in the Child Welfare Service for any 
length of time its importance to children’s health is quite evident. It is very 
difficult, however, to assess exactly its contribution to improved health and 
the lessening of disease. Some data have been set out above regarding the 
combating of avitaminoses and anaemias. It is also obvious that the arrange- 
ment for proper nutrition has greatly contributed to the rarity of severe 
digestive diseases and nutritional disturbances. 

A more specific judgement of the value of health supervision must be sought 
from the figures of infant death rate. But here again considerable difficulties 
are encountered. Social factors play an important role, and social and medical 
welfare in Sweden have progressed side by side. Our first legislation governing 
child welfare dates from the beginning of this century. In 1902 an Act was 
passed dealing with the care of foster children, followed in 1917 and 1920 by 
legislation governing the care of illegitimate and legitimate children and, 
finally, in 1924 the National Child Welfare Act. Over and above this 
legislation are all the forms of economic aid to mothers and child—maternity 
and confinement benefits, general children’s allowances, free school lunches, 
rent allowances, recreation facilities, social domestic aid service, ete.—which 
have come into being during the past 15 years. 

These reforms, accompanied by the general rise in educational and living 
standards, have no doubt been of great significance to the health and life 
of children. A number of studies made in different countries reveal the im- 
portance of a high standard of living. From Sweden I would mention the 
investigation made by R1iETz in 1930. He showed a sharp decline in infant 
mortality with rising income of the father. At an annual income below 4,000 
kronor the infant death rate was 48.9 per thousand, while above 10,000 
kronor the rate was only 14.2 per thousand. 

lbespite these reservations I wish to give an account of certain investiga- 
tions which illustrate the value of health supervision as a factor in the reduction 
of mortality. 

Thus LINDQVIST reports from the Child Welfare Centre in the town of 
Haisingborg that, among 12,600 infants under supervision in the ages of 
I—\2 months, the mortality during the period 1936—50 was 6 per thousand, 
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Fig. 1. Development of Infant Control and Excess Mortality Rate of Infants in 
Rural Districts. 


while the corresponding figure among 4,039 children without supervision 
was 24 per thousand. KARLSTROM found in his hospital material from 1944—-48 
that the mortality among infants not under medical supervision was seyen 
times as high as among children subject to supervision. In 1943 HJAtNE 
showed that the mortality within a County Council area without organized 
service was higher than in a neighbouring area where such a service exis! cd. 

For my part I have attempted to throw light on the question by me.ins 
of a country-wide investigation, proceeding from certain categories of children 
among whom the mortality was unduly high and then attempting to esta!) ish 
whether a change had occurred which might be attributed to the organiza‘ on 
of health supervision. 

The first comparison is between town and country. Up to about 1925 in’ int 
mortality was greater in the towns due to their inferior social and sani‘ uy 
conditions. A progressive improvement in conditions took place, howe: er, 


| 
100 
90 r 
a 
, 
/ ‘ 
/ 
= 
/ 
/ 
40) 
P / 
30 
10 
J 
/ 
0 — —— 
10 
| 
The 
ini 
. 
ani 
pli 
Not 
wi! 
in 
is 
be 
is 
t} 


MEDICAL CHILD CARE IN SWEDEN 103 


sO 


70 


60 


50 
10 
30 
20 
10 
el ~ N ~ i> | 
rhe scope of | he Excess mortality | Norrbotten 
. ,Vasterbotten : 
infunt control in rate in Vasterbotten - 
the other counties 


Fig. 2. Development of Infant Control and Excess Mortality Rate of Infants in 
Certain Counties. 


and a certain measure of prophylactic child welfare work began to be accom- 
plished, so that the infant mortality in towns fell below rural infant mortality. 
Not until the institution of State-organized health supervision in rural areas, 
with its rapid development shown in Fig. 1, did the rising curve of mortality 
in rural as compared with urban districts begin to show a downward trend. 
\ comparison between different parts of the country shows a similar case, as 
is ‘lustrated in Fig. 2. In the two most northerly provinces of Sweden, Norr- 
bo ‘en and Vasterbotten, which have had the most difficult social and medical 
co litions, the high mortality compared with other provinces has been not 
in onsiderable. As the figure shows, the tendency since the extension of the 
\ ‘are service is towards uniformity throughout the country. 
ie higher mortality among illegitimate children compared with legitimate 
is known fact. Table 2 illustrates the changes that have taken place between 
th five-year periods 1911—15 and 1945—50. 
mparatively speaking, the fall in mortality has been greater among the 
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TABLE 2 


Excess mortality among illegitimate children. 


1911-15 1945-50 Change 
of or 
Malformations and diseases of the 
57.6 64.6 + 7.0 


illegitimate infants. In the group ‘‘malformations and diseases of the new- 
born”, however, which in the main represents the neonatal mortality, it is 
found that the excess mortality has increased by 7 per cent. THOREN’s studies 
from 1948 may perhaps provide an explanation of this remarkable circum- 
stance. THOREN found a greater percentage of debilitated children (< 2,500 g) 
of unmarried mothers (7.3 per cent) than of married (3.3 per cent) and, 
furthermore, that the former included a greater number of children with 
very low birth weight. Paediatric treatment now helps an increasing number 
of debilitated children to survive, but mortality is greatest in the lowest 
weight classes. This fact must, comparatively, be unfavourable to the illegi- 
timate children. The higher percentage of debility among children of un- 
married mothers is explained by THOREN as being primarily due to provoked 
abortions. A medically plausible reason for premature births was more often 
lacking among unmarried than married mothers. Despite the high social 
standard of the country it must be taken into account that inferior social 
conditions may affect the former in other respects as well, so that spontaneous 
abortions are more common in the case of unmarried mothers. 

Turning to the second group, ‘‘Other diseases’’, there is, on the other hand. 
an extraordinary improvement. The excess mortality of illegitimate children 
has here fallen by no less than 48,7 per cent. This group includes all possible 
diseases attacking children after the neonatal period of their lives, when a 
public health service is the decisive factor. This must therefore be an ex})res- 
sion of greatly improved social and medical care of these children. One would 
hardly be at fault in assuming that the child welfare service, which mikes 
intensive efforts on behalf of these children in particular, may claim a | :rge 


share of the credit. 

The infant death rate in Sweden is at present the lowest in the world (it 
1952 it was 20.1 per thousand). As in all countries with a low infant d: ath 
rate, neonatal mortality constitutes the incomparably greater part. This in 
1952 the mortality in Sweden during the first week of life amounted t ) 69 
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Fig. 3. Swedish figures for still-birth rate and infant mortality in the period 1911-1951. 


per cent of total infant mortality (increasing during the first month te 75 
per cent). Neonatal mortality is often combined with stillbirth and termed 
perinatal mortality. Judging from Fig. 3, perinatal mortality appears to be 
dwindling, and here again there is a striking connection with the great expan- 
sion in maternity welfare since the end of the 1930’s. There can be little 
doubt that the most important factor in reducing perinatal mortality may 
hereafter be anticipated to be improved and intensified maternity welfare, 
both in a social and medical sense. Anti-abortion work is also comprised 
under this heading. The growing provision of paediatric care of newborn 
infants at maternity institutions is also an important factor. 

some idea of what can be attained in respect to infant mortality may per- 
hans be gained from UTHEIM-TOVERUD’s results from Oslo. At her Health 
Ceitre for Unmarried Mothers, with its thorough arrangements for prenatal 
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and postnatal care, infant mortality was only 11.8 per thousand. This figire 
approaches the “royal” mortality of 8 per thousand among infants born to 
European princely families from 1900 to 1930. 

The mortality among children aged 1—14 years has also fallen appreciably. 
In the years 1911—15 it was 4.6 per thousand, in 1945—50 only 0.9 jer 
thousand. The only disturbing factor is the great number of deaths due to 
street accidents, which between these five-year periods were roughly doubled 
in the case of children aged 1—2 and 10—14 years and more than quadrupled 
in the ages 3—9 years. 


The Objectives of Child Welfare as regards Mental Health 


The second main objective of prophylactic child welfare is to serve thie 
cause of mental health. Now that our aims for the physical health of children 
are being realized and the somatic diseases are under good control, the Centres 
have begun to devote more and more interest to the upbringing and mental 
health of children. Problems in the upbringing of children and neurolabile 
symptoms are, however, extremely common, and prophylactic measures in 
this respect are of the greatest importance. This is being increasingly under- 
stood by our doctors and nurses. 

The organization would also appear to offer satisfactory opportunities of 
expansion in the work of mental hygiene. The doctor is as a rule well ic- 
quainted with his clientele. He knows the mother and child and has at all 
events examined the child on many occasions. The nurse has generally made 
numerous visits to the home and obtained a good idea of the environment. 
If the child reveals suspicious symptoms or the mother is worried about its 
health, upbringing or behaviour, the Centre should be in a good position to 
judge the situation and offer advice and help in good time. 

Organizationally, a first step might be taken towards the creation of better 
opportunities for the doctor and nurse to devote more time to these patients. 
The number of mothers and children in attendance during ordinary visiting 
hours is too large for the doctor to give adequate time to them. For this reason 
arrangements have been made by the Medical Board during this last year 
for special times to be set aside for this mental care of the children. 
form of the work may vary. It need not always consist of individual 
consultations, but may take the form of simple informative lectures or sc ie 
sort of study circle. Special visiting hours for children with problems of |'p- 


rhe 


bringing or neurolabile symptoms, however, can unfortunately be arran: cd 
as yet to a very limited degree only. This applies in particular to rural areas 
where the number of medical officers and nurses is too small for our lx ge 
medical and nursing districts—in fact, at times vacancies are difficult to ‘ill 
at all. 


basi 
med 
will 
nat 
at € 

If 
for 
doct 
med 
the 
give 


tion 
forn 
basi 
Cou 

of t 
of t 
of 


im 
in 


cou 
tho 
hel 
als 

, of 
pa 
an 
al) 
pl 
in 

' 


ure 


MEDICAL CHILD CARE IN SWEDEN 107 


One would like to see the Child Welfare Service develop in this way into a 
basic organization for the upbringing and guidance of children, in as far as 
medical care can supply the need. Quite naturally the aim is not that children 
with severe environmental problems or psychopathic cases of a pronounced 
nature should be dealt with at Child Welfare Centres. They should be treated 
at Child Guidance Clinics. 

If, however, the Child Welfare Service is to become a basic organization 
for work concerned with the prophylactic mental hygiene of children, our 
doctors and nurses must receive a better training. The reorganization of 
medical training, for which preparations are now being made, will improve 
the opportunities to no small extent. Continuation courses are also being 
given to doctors and nurses already operating in the field. 


Information Work within Child Welfare Service 


Child welfare must essentially be regarded as a large-scale medical informa- 
tion service. Its work consists fundamentally of individual advice and in- 
formation. It will rest on firmer foundation, however, if parents possess certain 
basic knowledge of its objectives. Such knowledge can be imparted through 
courses and simple informative pamphlets. 

The information service of the Medical Board in this field is in the hands 
of the Committee for Social and Medical Welfare of Children forming part 
of the Swedish Social Welfare Association. WALLGREN has acted as Chairman 
of the Committee for many years. The Committee organizes demonstration 
courses throughout the country, attended every year by more than ten 
thousand young girls and expectant mothers. Courses for the latter are often 
held at the maternity and child welfare centres. In recent years courses have 
also been arranged for fathers. 

The Committee also issues various pamphlets which are distributed free 
of charge or at very moderate prices at the Centres and other places. The 
pariphlets contain information on the State assistance offered to mothers 
an! children, treatment during pregnancy and confinement, care of infants 
anv small children, care in the home, nutrition, clothing, indoor and outdoor 
pli, rickets, infectious diseases, accidents, questions of upbringing, sexual 


ns vuction by parents, ete. 


Conclusions: Immediate Aims 


ie following remarks may be made regarding our present aims for further 
ini’ -ovements in medical child care in Sweden. To attain a further reduction 
1 erinatal mortality, intensified prenatal care is required, and a greater 
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number of paediatricians at maternity institutions. As regards the remaining 
mortality in infants and in older children, a further reduction should be 
attainable by continued development of the medical care and public health 
services for children, and, particularly with regard to small children, by 
improved accident prevention. An important factor in improving the heaith 
of small children, in particular, is the establishment of smaller medical and 
nursing districts in rural areas and thus a greater number of medical staff for 
the purposes of child welfare. Not until this is done can the service devote 
serious attention to its second objective of becoming the basic organization 
for the mental care and upbringing of children. For this purpose, however, 
doctors and nurses must receive better training in child psychology and 
questions of upbringing, followed by continuation courses within this field. 
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From the Pediatrie Clinic, Karolinska Sjukhuset (Chief: Prof. A. WALLGREN), and 
the Department of Clinical Neurophysiology, Serafimerlasarettet (Chief: Prof. E. 
KUGELBERG), Stockholm. 


Discussion on Electroencephalographic Observations in 


Subacute Progressive Encephalitis 
A Report of Two Cases 


by M. d’AVIGNON, J. HUSBY and L. WIDEN 


Although encephalitis lethargica is no longer prevalent in Europe, at any 
rate in the epidemic form, a number of cases of subacute encephalitis, usually 
sporadic, have been reported by different authors. The following three types 
of unknown origin are among those that have been distinguished on the basis 
of the clinical and histological features: the panencephalitis described by 
PETTE and DORING (1939), the ‘inclusion encephalitis” originally described 
by DAWSON (1933) as a variant of encephalitis lethargica but later considered 
by BRAIN, GREENFIELD and RUSSELL (1943, 1948) to be an independent dis- 
ease and called by them ‘subacute inclusion encephalitis (Dawson type)’, 
and finally the “subacute sclerosing leukoencephalitis’? described by VAN 
BOGAERT (1945) in a few cases. Clinically, the two last-mentioned types are 
entirely similar. Histologically, they may present certain dissimilarities 
(GREENFIELD, 1950; MACKEN and LHERMITTE, 1950), but these are scarcely 
of such a nature as to justify considering them as two nosologically distinct 
entities (VAN BOGAERT, 1952). PETTE and DORING’s panencephalitis was 
originally stated to be closely allied to the Japanese B type, and to differ 
both clinically and histologically from the other two types; it has, for example, 
amore acute course. On the other hand, it is possible that cases later reported 
by «ther authors as belonging to the Pette and Déring type were actually 
mor closely related to the acute sclerosing leukoencephalitis described by 
VAN BOGAERT. 

\\ have had the opportunity of observing two cases of subacute progressive 
ence halitis both of which exhibited the clinical and electroencephalographic 
feat) res described in the Dawson and van Bogaert types. So far as we are 
awa», no account of the disease has been published earlier in Scandinavia. 
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Clinical and Histological Features of Subacute Progressive Encephalitis 
(Dawson and van Bogaert Types) 


Detailed descriptions of the clinical and histological features are found in 
the earlier mentioned works of GREENFIELD (1950), MACKEN and LHERMITTE 
(1950), and VAN BOGAERT (1952), together with thorough discussions on the 
problem of differential diagnosis. Only a brief survey is therefore given below. 

The disorder affects children, both sexes equally, the majority of patients 
being between the ages of 6 and 11 years. It runs a subacute course and 
terminates fatally, usually within a few months. The onset is generally insi- 
dious, as a rule with mental symptoms such as sluggishness, lethargy, lack of 
initiative, emotional lability, and impairment of memory and perception. 
These are followed by more profound intellectual changes, with manifesta- 
tions of agnosia, apraxia and aphasia, terminating in complete dementia. 

Motor disturbances are an early symptom. Involuntary movements are 
present in most cases, frequently in the form of myoclonic twitchings which 
are sometimes rhythmical with a frequency of 5—10 per second. Choreiform 
and athetotic movements are common, torsion spasms and hemiballism are 
encountered. Grand mal seizures frequently appear during some stage of the 
illness. Generalized muscular hypertonus appears somewhat later than the 
hyperkinetic phenomena, and may be extremely severe. It has been stated 
to resemble decerebrate rigidity, and in some cases the tonic cervical reflexes 
described by MAGNUS and DE KLEIJN have been observed. Signs of pyramidal 
tract damage, such as extensor plantar responses, are often lacking. 

Cranial nerve symptoms are uncommon, although paralysis of the facial 
musculature is sometimes present. Owing to the condition of the patients, 
vision is difficult to test, but cortical amaurosis has been stated to occur. 
The fundi sometimes show elevated dises. 

The temperature is often slightly raised, even in the absence of signs of 
secondary infection. The cerebrospinal fluid is usually normal, except for a 
Lange reaction of paretic type. 

Loss of weight is part of the syndrome. In the terminal stage profovnd 
cachexia is seen. The cause of death is often an intercurrent infection, soe- 
times hyperpyrexia. 

The histological changes found in the Dawson type consist of perivasc: lar 
infiltration, microglial proliferation and various degrees of nerve cell deg: 
ration in the cortex, the basal ganglia, chiefly in the thalamus, and the » ey 
nuclei of the brain stem. In many of the degenerated neurones, acidop) li¢ 
hyaline inclusion bodies are seen in both the nucleus and the cytoplasm: ‘/1i 
has been considered to be particularly characteristic of the Dawson te. 
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Inclusion bodies have also been found, however, in some cases of the van 
Bogaert type. Otherwise, the van Bogaert type differs from the Dawson type 
in that in the former the white matter, notably the centrum semi-ovale, and 
the grey matter are involved to a similar degree. In addition, considerable 
diffuse neuroglial sclerosis is present. 

Concerning the aetiology GREENFIELD writes: ‘‘In spite of failure to transmit 
these two human forms of subacute encephalitis to animals, there are strong 
arguments in favour of placing them in the group of inflammatory diseases 
probably due to a virus.” 


Case Reports 


Case 1. A.-M. J., a girl, aged 12 years. Her past medical history revealed nothing 
of significance. She was stated to have been lively and intelligent and to have done 
well at school. In the middle of July 1952, a mental change was noticed; she became 
sluggish and lacking in initiative and her memory deteriorated. She was admitted to 
hospital at the end of July. During the subsequent months, increasing generalized 
muscular hypertonus developed, most pronounced in the left arm and leg. There 
were also rhythmie myoclonic twitchings of the left upper and lower limbs and left 
side of the face, as well as athetotic movements of the right forearm and hand. The 
plantar reflexes were extensor. Her mental powers regressed rapidly; a few months 
later dementia was complete and for the greater part of the time she was comatose. 
Roentgenograms of the skull and a pneumoencephalogram disclosed no abnormality. 
The Wassermann reaction in the blood and CSF was negative. The Sabin dye test for 
toxoplasmosis was negative. Mastic precipitation tests gave the following values: 3, 
3.5, 4, 3.5, 2, 1.5, 1, 0.5. The CSF was otherwise normal. 

The patient’s temperature was subfebrile throughout. There were no signs of a 
secondary infection. Penicillin, aureomycin, chloromycetin and cortisone were tried 
without effect. She became increasingly emaciated and died in June 1953. 

Inoculation experiments were carried out at the State Bacteriological Laboratory 
(Assoc. Professor ASTRID FAGR£us). Intracerebral inoculations of a 20 per cent ex- 
tract of brain tissue (from both biopsy and autopsy specimens), as well as inocula- 
tions of cerebrospinal fluid and a 10 per cent faecal extract were made into rabbits, 
guinea-pigs and mice (including baby mice). Inoculations were also made into the 
yolk sae of 6-day eggs. All the tests gave negative results. 

Post-mortem examination (Dr. HANS NORDENSTAM).—Brain, macroscopic examina- 
tion: The leptomeninges contained copious fluid. The gyri were narrow and the sulci 
wide, particularly in the frontal and parietal lobes, but also in the temporal lobes. 
‘icroscopie examination: Some generalized sparsity of ganglion cells was seen in all 
paris of the cerebral cortex. There was degeneration and necrosis of the ganglion cells 
in the cortex of the occipital lobes, as well as a relatively small number of intranuclear 
inclusion bodies, which were also found in the nuclei of the pons. Hyperaemia and 
oedeina were present in all parts of the brain. There were scattered perivascular in- 
flan.:.atory infiltrates of lymphocytes and plasma cells, particularly in the central 
gan.ia. The fibres of the optic radiation exhibited diffuse demyelination. Other findings 
in t! + internal organs were chronic and acute bronchopneumonia and chronic infective 
cement of the spleen. 
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Case 2. O. J., a boy, aged 9 years. The past medical history disclosed nothiny of 


significance. In August 1952, a change in temperament was noticed; he became irri- 
table and showed sudden changes of mood. This was accompanied by impaired mem. 
ory, lethargy, and lack of initiative. His vocabulary diminished and his speech bec:me 
stereotyped; his handwriting was illegible. One month later he complained of headaches 
and had attacks of vomiting; he was then admitted to hospital. During the following 
weeks visual hallucinations, mental confusion and motor hyperactivity were noted. 
The optic dises were elevated 4—5 dioptres. The cerebrospinal fluid was normal (the 
mastic precipitation test was not done). A pneumoencephalogram disclosed no abnor- 
mality. Two months after the onset of the illness there were rhythmical myoclonic 
jerkings of the left arm and leg, which recurred at a frequency of about 12 per second, 
and athetotic movements of all limbs. He had attaeks of tonic-clonic spasms in the 
left half of the body, apparently without loss of consciousness. A right carotid angio- 
gram was normal. 

The patient is still alive and is looked after at home. Repeated investigations of the 
CSF have given normal results. Dementia is complete. He has considerable generalized 
hypertonus and a bilateral extensor plantar response. He still has periodic attacks of 
myoclonic jerkings of the left arm and leg. He is probably amaurotic; the pupillary 
reactions are normal. 

Intracerebral and subcutaneous inoculations of the cerebrospinal fluid and faecal 
extract were made into mice (including baby mice), with negative results. Inoc ulations 
were also made into the yolk sac of 6-day eggs, likewise with negative results. 


Electroencephalographic Studies 


RADERMECKER (1949), and Cops and HILL (1950) have described the 
electroencephalographic changes in subacute sclerosing leukoencephalitis and 
in subacute progressive encephalitis, respectively. They consider these changes 
to be specific to this disease group. The changes consist mainly of the appear- 
ance of episodes of high voltage slow waves which become periodic, repeating 
at regular intervals. When involuntary movements occur, they are associated 
with these episodes of slow-wave activity. As the disease progresses, the normal 
rhythm disappears and the abnormal activity declines in amplitude. 

Our Case 1, A.-M. J., had 12 records taken, the first three months after the 
onset of the illness and the last a few weeks before death. All the records were 
characterized by repetitive complexes of irregular high voltage slow waves. 
The interval between the complexes was about 4 seconds. Whereas in ‘he 
individual examination the waves in these complexes usually retaine: a 
striking constancy of form (Fig. 1), they showed great variability from record 
to record. The top record in Fig. 1, taken 4 months after the onset of the illnss, 
shows normal activity during the intervals between the episodes of s'ow 
waves. In the bottom record in the same figure, taken about three months 
later, no such activity occurs; in channels 3 and 5 there is an almost comp cte 
absence of intervening activity. The patient’s condition had deterior: ‘ed 
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1. Case 1, A.-M. J. EEG records: Upper record taken 4 months after the onset of the 


ss, bottom record a few months later. The middle and bottom records show the EMG 


of myoclonic jerkings recorded from surface electrodes on limb muscles simultaneously with 


ste: 


the EEG. Full description in text. 


idily during this period. This almost complete disappearance of all activity 


other than the episodic complexes of high voltage slow waves in the final stage 


of 


phe 
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‘he illness was observed by Coss and HILL. In our case, however, this 
nomenon was transitory, and on the occasion of a later examination, 5—10 


.ctivity as well as sharp waves and triphasic potentials were recorded 
ig the intervals. Similar variations in the EEG pattern occurred in the 
described by MARTIN, MACKEN and HEss (1950). 

our case, as in those of RADERMECKER, and CoBB and HILL, the paroxys- 
‘complexes in the EEG were synchronous with the myoclonic jerks (Fig. 1, 
m record). These myoclonic jerks were synchronous in the agonists and 
ntagonists. The middle record in Fig. 1 shows the electromyogram of the. 
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4 


Fig. 2. Case 2, O. J. The upper record, taken about two months after the onset of the illness, 

shows the typical repetitive slow-wave complexes separated by intervals of about 5 seconds. 

The lower record, taken a few months later, shows an increase in the interval to 7 seconds. 
Full description in text. 


involuntary activity recorded from surface electrodes on all the four limbs 
concurrently with the EEG recorded from a bipolar lead over each hemi- 
sphere. Each episode of slow waves in the EEG was accompanied by the muscle 
action potentials of fairly brief myoclonic jerkings recorded from the left 
upper and lower limbs. In the extensors of the left hand each burst of action 
potentials was followed by a brief period of electrical inactivity, followed 
again by a further burst of muscle activity which progressively declined until 
the next myoclonic spasm. Continuous electrical activity, the result of con- 
stant athetotid movements, was recorded from the extensors of the rig!)t 
hand. The electromyograms of rhythmic myoclonic twitchings were al: 
recorded from the left facial muscles and from the external rectus muscle 
the left eye (Dr. Akg Bs6rK). The myoclonic twitchings ceased during slec), 
whereas the rhythmic episodes in the EEG persisted, on the whole unchang: | 
The EEG changes in our Case 2 were of an essentially similar nature. In 1 
first records, taken about one month after the onset of the illness, the pe! 
dicity of the disturbance was not, however, so marked, and there were, 
addition, focal changes in the right hemisphere consisting of more or |: 
“spiky” potentials. In a record taken one month later (Fig. 2, upper reco! 
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the pattern was entirely typical, with repetitive slow-wave complexes at 
intervals of about 5 seconds. The waves in each complex retained a striking 
constancy of form. A few months later (lower record) the interval had in- 
creased to 7 seconds, the form of the slow potentials was more variable and 
the background activity during the intervals, particularly from the anterior 
leads, was considerably more abnormal. MARTIN, MACKEN and HEss observed 
an increase in the duration of the interval in the terminal stage of the illness, 
and RADERMECKER and MACKEN (1951) stated that the length of the interval 
varies with the degree of psychomotor irritability. We were unable to confirm 
the latter observation with certainty in our cases. 


Discussion 


Although the subacute progressive encephalitis described by DAWSON and 
VAN BOGAERT presents a distinctive clinical picture, it nevertheless offers 
problems in differential diagnosis, even apart from the differentiation from 
other forms of encephalitis. Thus, diffuse sclerosis (Schilder’s disease) shows 
great clinical similarities to subacute progressive encephalitis, and cases 
would seem to occur in which it is impossible to establish the differential 
diagnosis on the basis of the clinical findings alone. Of more practical import- 
ance is the fact that the initial symptoms may lead to suspicions of an in- 
tracranial expanding process, particularly in the presence of headache, vomit- 
ing and papilloedema. Consequently, the discovery by RADERMECKER, and 
Corp and Hix of the characteristic EEG changes in‘this form of encephalitis 
are of great practical value. In both our cases the diagnosis was made on the 
basis of the EEG findings. That a disease is associated with a specific EEG 
pattern is almost unique. In 1952, Copp, MARTIN and PAMPIGLIONE, however, 
described a specific EEG pattern in cerebral lipidosis as well. It is characteri- 
ze by random, usually generalized sharp transients (often high voltage 
triphasic waves) on a background of generalized slow waves. The authors 
Stated that “the recognition of typical wave-forms in lipidosis and in subacute 
encephalitis may foreshadow a limited return to the concept of EEG pattern— 
representation of cerebral disease’’. 

The specificity of the EEG pattern described in subacute progressive en- 
ce} \alitis has, however, been questioned. WATSON and DENNY-BROWN (1953) 
for id similar EEG changes alternating with those characteristic of cerebral 
lipi losis in two cases of juvenile amaurotic familial idiocy. The authors con- 
cli ied that subacute progressive encephalitis and cerebral lipidosis are not 
al\\ivs separable on the basis of the EEG findings alone, and consider these 
cho ages to be symptomatic of this whole class of disorders whose common 
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characteristic is diffuse primary degeneration of nerve cells. Furthermor 
Hess and NEUHAUS (1952) found periodic episodes of high voltage slow wave 
in the EEG’s of two children who had “Blitz-, Nick- und Salaamkrampfe” 
or “tonische Anfalle’? but who were not suffering from subacute progressive 
encephalitis. In other children with this type of epileptic seizure, especially 
in those cases in which no definite cause of the epilepsy could be found, they 
observed characteristic EEG changes which appear to be identical with those 
described by CoBB, MARTIN and PAMPIGLIONE as typical of lipidosis. These 
facts seem to give additional support to the view of WATSON and DENNy- 
BROWN. KIRSTEIN (to be published) likewise found the EEG changes typical of 
lipidosis in a child with transient ‘“Blitz-, Nick- und Salaamkrampfen”’. In this 
case rhythmic complexes of high voltage slow waves appeared also during sleep. 
Thus, in the cerebral diseases in which the characteristic rhythmical slow- 
wave complexes have been demonstrated, the patho-anatomical picture has 
been that of a “diffuse neuronal disease” and not that of focal injury to a 
single structure. Yet this by no means excludes the possibility that lesion of a 
single structure is responsible for the occurrence of these periodic slow waves. 
Periodic electrocortical activity has been encountered in experimental animals 
with lesion of the brain stem, especially following injuries to the midbrain teg- 
mentum and basal diencephalon (LINDSLEY, BOWDEN and MAGOUN, 1949) which 
isolated the cortex from the reticular activating system and produced a state 
of somnolence. Each burst typically consisted of a sequence of large amplitude 
slow waves (8—15/sec.). These bursts were commonly 1—2 seconds in duration 
and separated by intervals of 3—5 seconds. As KRISTIANSEN and CoURTOIS 
(1949) showed in the cat, these rhythmic bursts or spindles may appear in a 
cortical area that is completely isolated from both the subcortex and the 
adjacent parts of the cortex with, however, the blood supply intact. Conse- 
quently, they need not invariably be an expression of sustained reverberating 
activity between the thalamus and the cortex, as has often been assumed. 
It is known that rhythmic spindle activity occurs in the EEG of the normal 
cat under barbiturate narcosis (BREMER and TITECA, 1939, and others). 
Narcosis may be said to produce temporary functional isolation of the cortex 
from the reticular system which, as FRENCH, VERZEANO and MAGOUN (1{3) 
have shown, is especially sensitive to narcosis and is blocked earlier than ‘he 
lateral pathways to the primary receptive areas in the cortex. As Hs, 
KoELLA and AKERT (1953) recently demonstrated in the cat, such perio lic 
spindle bursts may appear in the EEG even in the superficial stage of nor) al 
sleep—drowsiness—or during light sleep induced by electrical stimulation of 


the thalamus. 
The rhythmic bursts observed in the investigations just mentioned dif’, 
however, from the periodic slow-wave complexes in subacute encepha! 'is 
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by reason of the greater frequency of the rhythm (8—15 c/s in each spindle). 
It is, however, of interest that SWANK and WATSON (1949), in the EEG’s of 
dogs and monkeys in deep sodium amytal narcosis, recorded periodic rhythmic 
slow-wave complexes which, judging by the illustrations of the records, 
showed no essential difference from those seen in subacute progressive en- 
cephalitis. In the intervals between the complexes the electrical activity was 
considerably decreased, sometimes abolished. HENRY and SCOVILLE (1952) 
noted similar ‘“‘suppression-burst activity” in the isolated cerebral cortex of 
man; the bursts consisted of fast activity superimposed on high voltage very 
slow delta activity. 

On the other hand, the occurrence of such periodic changes in the EEG 
during normal sleep does not seem to have been described. LARSSON (personal 
communication), however, observed typical periodic slow-wave complexes 
during light normal sleep in a patient who, five years before the investigation, 
had been subjected to intracapsular enucleation of a chromophobe pituitary 
adenoma and two years before the investigation had been reoperated upon 
for recurrence of the tumour. A preoperative pneumocephalogram showed, 
inter alia, that the tumour had caused a large indentation in the anterior part 
of the third ventricle which was somewhat displaced upwards. The patient 
also exhibited endocrine disturbances, hypothyreosis, hypogonadism and 
adrenocortical insufficiency. It is of interest in this vase with probable damage 
to the hypothalamus that even light normal sleep provoked the characteristic 
rhythmical changes in the EEG. A comparison may be made with KIRSTEIN’s 
case of acute cerebral disease (?encephalitis) in which such EEG changes also 
appeared during normal sleep. 

Thus, it seems possible for EEG changes identical to those in subacute 
progressive encephalitis to occur in a cerebral cortex that is isolated from the 
subcortical structures by a functional block and/or an anatomic lesion of these 
structures. It is possible that the isolation from the reticular substance in 
the midbrain tegmentum and basal diencephalon plays a decisive part in this 
respect. According to HENRY and SCOVILLE (1952), similar periodic electrical 
activity may occur in a completely isolated cortex. No such complete isolation 
of tle cortex is, of course, present in subacute encephalitis, and the rhythmic 
coniplexes are probably not primarily generated from the cortex. An argument 
in favour of this is their synchronism with the myoclonic jerkings which in all 
pro} ability are triggered from subcortical structures. Simultaneous recording 
fron: the cortex, thalamus and basal ganglia would have been highly desirable 
in our cases, but unfortunately was not feasible. 

Tat a biochemical disturbance can produce these periodic EEG changes is 
con-rivable, although it seems unlikely. ENGEL and RoMANO (1944), however, 
obs:rved phases of rhythmical activity associated with the phases of Cheyne- 
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Stokes respiration. During the apnoeic phase the abnormality in the EEG 
progressively increased. Similar rhythmic changes in the EEG were observ: 
by one of us (W1IDEN) in a case of organic mercury poisoning (see HOOK, et «1., 
1954). The record was taken approximately 12 hours before death; the patient 
was comatose and had Cheyne-Stokes respiration. In the apnoeie phase tlie 
record, in contrast to that in ENGEL and ROMANO’s ease, was practicaily 
‘normal’ with a dominant frequency of about 8 ¢/sec. One to two seconds 
before the hyperpnoeic phase and simultaneously with a rise in the CSF 
pressure of up to 50 mm, paroxysms of bilaterally synchronous rhythmical 
activity consisting of high voltage slow waves (2—3/sec.) appeared in the 
EEG. The increase in the CSF pressure is certainly explained by the increase 
in the CO, content of the blood. It is well known, for example, that the 
administration of CO, in the respiratory air increases the cerebrospinal 
pressure (COBB and FREMONT-SMITH, 1931, among others). In neither of our 
cases of encephalitis was any definite correlation found between the 
respiratory phases and the rhythmic complexes in the EEG. In Case 1, the 
cerebrospinal pressure was recorded simultaneously with the EEG, but no 
correlation could be demonstrated between the variations in the CSF 
pressure and the changes in the EEG. 

To sum up, it may therefore be said that the characteristic rhythmic slow- 
wave complexes in the EEG are described in: 

1. Cases of subacute progressive encephalitis and occasional cases of cere- 
bral lipidosis, 

2. Cases of “Blitz-, Nick- und Salaamkrampfen,”’ 

3. Cases of probable damage to the hypothalamus, but only during slecp, 

4. Cases of acute cerebral disease (? encephalitis with hypothalamic damace), 
but only during sleep, 

5. Experimental animals in deep narcosis, 


». The isolated cortex. 


Consequently, these EEGchanges are not pathognomonic of subacute progres- 
sive encephalitis although their occurrence in the other clinical conditions in 
which they have been described is not common. The question then arises 
whether in our Case 2 we were justified in making the diagnosis of subacute 
progressive encephalitis which certainly was based chiefly on the !)"G 
findings. No biopsy specimen was available to confirm the diagnosis. ‘he 
case presented the clinical symptoms and course characteristic of subacute 
progressive encephalitis. It is true that the duration of the disease has }-en 
remarkably long—22 months up to the time of writing—but cases of equ. |!y 
long or longer duration have been reported (COBB and PD, 
HAYMAKER and PINKERTON, 1950; LANDAU and GiTT, 1952). The disea:: is 
to be distinguished chiefly from diffuse sclerosis (Schilder’s disease) 
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possibly, juvenile amaurotic familial idiocy. According to WATSON and DENNY- 
Brown, the latter cannot be distinguished from subacute encephalitis on the 
basis of the EEG findings alone. In our case, however, the clinical symptoms, 
which ineluded a fairly acute onset with headache and vomiting as well as 
retinal changes in the form of papilloedema, make a diagnosis of juvenile 
amaurotie familial idiocy highly improbable. Such symptoms may, however, 
occur in the initial stages of Schilder’s disease, but in histologically verified 
cases no periodic changes in the EEG have been observed (CoBB, MARTIN 
and PAMPIGLIONE; our observations in one case). Moreover, it is scarcely 
likely, or at least extremely rare, that rhythmic myoclonic jerkings, which 
in our case appeared synchronously with the repetitive bursts in the EEG, 
occur in Schilder’s disease. 

Case 1 likewise presented the characteristic clinical picture. Moreover, in 
this case, the histopathological picture—with slight inflammatory changes, 
demyelination, particularly in the fibres of the optic radiation, and intranuclear 
inclusion bodies in the occipital cortex and the nuclei of the pons—was 
characteristic of subacute encephalitis. Other authors, however, have reported 
cases of subacute progressive encephalitis with the typical EEG changes but 
with uncharacteristic and relatively slight inflammatory changes in the 
central nervous system, without demyelination or inclusion bodies (e.g. 
CLEARKIN and MILLAR, 1952). Thus, differences in the histopathological 
findings are found in the cases of subacute encephalitis reported by different 
authors, despite uniformity in the clinical and electroencephalographic fea- 
tures. Whether these differences are an expression of variations in the degree 
or nature of the inflammatory process is a question that probably cannot be 
settled until the aetiology of the disease is clarified. 


Summary 


Two cases of subacute progressive encephalitis are described. One patient 
died 11 months after the onset of the illness. The other is still alive after 22 
months of illness. Both inoculation experiments on animals and attempts 
to culture the virus gave negative results. In Case 1, study of the brain showed 
sparse inflammatory changes, chiefly in the central ganglia, sparse ganglion 
cell degeneration, diffuse demyelination in the fibres of the optic radiation, 
and intranuclear inclusion bodies in the cortex of the occipital lobe and the 
nuc'+i of the pons. Both cases exhibited the typical EEG changes. The speci- 
ficii, of these EEG changes is discussed. 

\\« wish to express our gratitude to Dr. J. G. GREENFIELD of London, who kindly 
exa: ined the histological preparations and gave valuable advice with regard to the 
tech ique. We are also indebted to Dr. LL. KrrsTeE1n for his interest and helpful sugges- 
tion during the course of the work. 
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From the Pediatrie Clinic, Karolinska Sjukhuset, Stockholm, Sweden. 
(Head: Professor ARVID WALLGREN.) 


Studies on the Uropepsinogen Excretion in Prematurely 
Born Infants 


by GUN CARLSTROM and ROLF ZETTERSTROM 


The requirement of protein is considerably higher in premature infants than 
in infants born at term (GORDON, LEVINE and MCNAMARA). In consequence, 
since the ability to utilize proteins depends on the development of proteolytic 
enzymes, the proteolytic activity of the gastro-intestinal juices in premature 
infants has been subjected to several investigations. Using histochemical 
methods WERNER has shown in post-mortem examinations that the number 
of pepsinogen and trypsinogen granules is much smaller in premature than in 
full-term infants. Also when using chemical methods the peptic activity in 
autopsy material from the gastric mucosa was found to be lower in prematures 
than in infants born at term. The difference was not, however, as marked as 
could be expected from the analyses of pepsinogen granules. However, MADEY 
and DANCIS have found that the tryptic activity in the duodenal juice was 
the same in prematures at the age of 2—23 days as it was in full-term infants. 
They also demonstrated that the premature infants gained weight in the same 
way wether the milk formula was supplemented with non-digested or with 
hydrolyzed casein. Furthermore, FEINSTEIN and SMITH have found that the 
resorption of nitrogen is of the same high percentage when the diet is supple- 
mented with whole casein as with amino acids. 

According to JANOWITZ and HOLLANDER the rate of excretion of uropep- 
sinogen under basal conditions varies directly with the rate of gastric pep- 
sinogen secretion. Thus, the enzyme activity in the gastric juice can be cal- 
culated from uropepsinogen determinations. Because of the contradictory 
results in previous investigations on the proteolytic capacity in prematurely 
born infants this subject has been reinvestigated using the rate of uropep- 
sinoven excretion as a test of the formation of digestive proteolytic enzymes. 
Using this method, it has also been possible to do repeated determinations 
fron: the first day of life and during the development of the infant. Thus, an 
evaluation of the development of the peptic capacity can be made. 

In this communication the daily excretion of uropepsinogen under basal 
concitions in prematurely born infants will be reported. In most cases the 
exer tion has been determined several times during the first months of life. 
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Material 


Thirteen prematurely born male infants with a birth weight between 1160 «nd 
2180 & have been studied. The uropepsinogen excretion has also been determined in 
5 full-term male infants and in 3 older children. Girls have not been employed beci ise 
of the difficulty to collect urine quantitatively. Usually the first determination las 
been done when the infants were 2—5 days old. In some cases, however, the first 
examination was done considerably later. In order to study the variations in the daily 
uropepsinogen excretion each infant usually has been investigated several tines. 
When the excretion of uropepsinogen was measured the infants were in a good general 
condition and had no asphyxial, gastrointestinal or infectious symtoms. 


Methods 


Urine was collected quantitatively during 24 hours in a bottle containing a few ml 
of toluene. The analyses were carried out immediately after the collection of urine. 
The uropepsinogen activity was determined according to a modification (Mirsky, 
BLock, OsueR and Brou-Kann) of the method of ANSON using hemoglobin powder 
as substrate. The hemoglobin solution was prepared according to ORRINGER, LAUBER 
and HoL_Ltanprer. With the same analytical method as in this investigation the pro- 
teolytic capacity of a known amount of crystalline pepsin has been determined. The 
values for the 24-hour excretion of uropepsinogen have been recalculated according 
to this determination and have been expressed as microgram of pepsin. With the 
method used 10 micrograms of crystalline pepsin liberate 2 « 10-4 milliequivalents of 
tyrosine in 10 minutes. 


Results 


In Table 1 the 24-hour excretion of uropepsinogen in full-term infants is 
recorded. As is shown, the excretion varies considerably in different cases. ‘The 
excretion is, however, fairly constant in the same case. In this small material 
of full-term infants there is no correlation between the 24-hour excretion of 
uropepsinogen and the birth weight of the infant. Case 4 was investig: ted 
once a week during the first month of life. During the time of observation 
there were no significant changes in the rate of uropepsinogen excretion despite 
the increased protein intake. 

Tables 2 and 3 show the excretion of uropepsinogen in prematurely }orn 
infants. Again, in prematures there is no correlation between uropepsine en 
excretion and birth weight. Although some infants with a very low we <ht 
(cases 3 and 6) very early (on the 4th and 2nd day of life respectively) ha‘ a 
fairly high 24-hour excretion, most prematurely born infants have a lower 
urinary output of pepsinogen than full-term newborns. However, if the « ily 
excretion is correlated to the weight of the infant there is on the averag« 110 
significant difference between the two groups of babies. In case 6, wil) 4 
birth weight of 1490 g, the amount of uropepsinogen per kg body weight as 
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TABLE 1 


Uropepsin excretion in full-term infants (birth weight more than 2900 g). 


nd 
in 
Use ies Birth Weight | Age on| Feeding Uropepsinogen eee 
has weight jon exam.| exam. | on exam.| Diagnosis body 
g g days g u.g/24 hours ug/24 
uly 
1eS, I 2910 2580 8 300 HM | Maternal 160 62 
pral diabetes 
2 3220 | 3110 7 | 350 HM | Cteft palate 460 148 
3280 14 500 F 360 110 
3390 21 600 F 320 95 
3420 28 650 F 460 135 
ml 3 3300 3120 2 120 HM | Haemolytic 780 250 
ne, + 60 Gl anaemia of 
KY, newborns 
= } 3510 3260 6 350 HM | Pyoderma 390 120 
TO- 5 4650 4030 2 100 HM | Asphyxia 290 72 
lhe 4000 8 350 HM 240 60 
jing —— 
the HM =human milk, F =formula, Gl=5 per cent glucose. 
of 


higher than in most full-term infants examined. In some of the prematures 
with a low birth weight the urinary output of pepsinogen is, however, much 
; js | lower than in the full-term infants. The low rates of excretion at the first 
rhe | examination are most marked in cases 1, 4 and 5. In these cases there is, 
rial during the period of observation, a successive rise in the rate of uropepsinogen 
excretion. This increase is not due exclusively to the growth of the infant 


=> 


ted since there is also a significant increase when the excretion is correlated to 
ion the weight of the infant. This finding seems to indicate that there is a re- 
jite | latively rapid adjustment to the same level in prematurely born infants with 
signs of a low gastric secretory function during the first days of life as in full- 
orn | term infants. The increase in the excretion of uropepsinogen observed during 
von | the follow-up studies of prematures with a low excretion at the first examina- 
ht | tion seems to depend more on increased maturity than on increased ingestion 
-a | Of proteins. During the later part of this period when the increase of uropep- 
er | Sinogen excretion was most pronounced there were relatively small changes 
ly | inthe feeding of cases 1 and 4 as is demonstrated in Table 2. 
no In Table 4 some determinations of the 24-hour excretion of uropepsinogen 
a | ina Jew older children are shown. The absolute amount of uropepsinogen is 
as — Muc’ higher than in early infancy. However, if the weight is considered, the 


126 G. CARLSTROM AND R. ZETTERSTROM 


TABLE 2 


1500 g). 


Uropepsin excretion in premature infants (birth weight 1000 


H M = human milk, C = citrated whole cow’s milk. 


values are of the same order of magnitude. There are great variations in this 
small material, possibly due to different diseases in the examined children, 
possibly also because the children have not been examined under basal : on- 
ditions. The highest value is found in a case of ulcerative colitis which |; in 
agreement with observations by BOLT, POLLARD and CARBALLO. T es¢ 
results are reported only with the purpose to show that some prematu ely 
born infants even in early days of life have about the same gastric secre: 0ry 
function as older children, which can be estimated from the rate of the ‘ro- 


pepsinogen excretion correlated to the body weight. 


Cas Birth Weight Age on Feeding Uropepsinogen Uoupepsinog > 
ase : 4 excretion per kg 
weight | on exam. on exam. body weight 
g days ug/24 hrs ug /24 
] 1160 1100 18 120 HM 50 45 | 
1310 35 240 HM 90 69 
+60 C 
1770 49 240 HM 70 40 
+60 C 
2120 60 180 HM 150 71 
+180 C 
2680 80 180 HM 390 146 
+300 C 
2 1260 1210 14 300 HM 150 124 
2000 35 360 HM 120 60 
3 1290 1090 4 85 HM 110 10} 
4 1370 1170 2 60 HM 100 85 
230 10 300 HM 80 65 
1650 30 300 HM 250 152 
5 1390 1560 18 330 HM 60 38 
1770 28 240 HM 80 45 
+120C 
1990 35 HM +C 300 151 
420 | | 
2250 42 HM +C 260 116 
420 
6 1490 1220 2 30 HM 240 197 
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TABLE 3 


Uropepsin excretion in premature infants (birth weight 1500—2200 g). 


Birth Weight | Age on Feeding Uropepsinogen Uropepsinogen 
ase excretion per kg 
weight |on exam.]| exam. on exam. excretion 
8 8 mel“ ¥.g/24 hrs 
7 1700 1650 5 240 HM 120 73 
8 1730 1550 9 240 HM 150 97 
1820 21 300 HM 140 77 
+90 C 
9 1790 1590 8 210 HM 140 85 
10 1800 1670 4 90 HM 60 36 
1690 7 180 HM 160 95 
11 1910 1720 3 90 HM 70 41 
1770 8 240 HM 140 80 
12 1930 1780 2 20 HM 120 67 
1750 5 260 HM 120 69 
2020 17 360 HM 190 94 
13 2180 2050 3 120 HM 150 73 


H 


Ca 
number 


M =human milk, C 


citrated whole cow’s milk. 


TABLE 4 


Uropepsin excretion in older children. 


Weight 


Age on 


Uropepsinogen 


Uropepsinogen 


se Feeding excretion per kg 
on exam.| exam. Diagnosis excretion 
years | exam. ug/24 hrs body weight 
8 : u.g/24 hrs 
20 6.5 Regular | Ulcerative 10,000 500 
diet colitis 
35 10 Regular | Melena 3,100 89 
diet 
ry | 8.5 Regular | Vomiting 10,150 376 
diet 
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Discussion 


The results demonstrate that the uropepsinogen excretory rates are roug|:ly 
about the same in prematurely born and in full-term infants. The range of tlie 
rates of excretion of uropepsinogen in the neonatal period and in early infancy 
is about the same as that in older children and that reported in adults (Brou- 
KAHN, PopoRE and Mirsky; JANOWITZ and HOLLANDER), if the values ure 
correlated to the body weight. The urinary pepsinogen excretion in adults 
found by JANowITZ and HOLLANDER corresponds, recalculated per kg body 
weight, to 15—40 * 10-4 milliequivalents of tyrosine. With the same calcula- 
tion applied to the values obtained in this investigation an excretion of 100 
micrograms of uropepsinogen corresponds to 20 10-4 milliequivalents of 
tyrosine. In accordance with investigations in adults (JANowITz and Iot- 
LANDER: BOLT, POLLARD and CARBALLO) there are in both groups of infants 
marked individual variations in the urinary output of pepsinogen even if the 
investigations are performed under basal conditions. However, the repeated 
determinations in full-term infants give evidence that there are small varia- 
tions in the same infant. The relatively constant output despite an increased 
protein intake indicates that the pepsinogen secretion is independent of intake, 
a finding which is in disagreement with the results reported by BUCHER. The 
finding that there is a relative independence of intake is of importance when 
comparing the rates of uropepsinogen excretion in the first days of life with 
those found later when the amount of food increases. 

From experiments performed by Mirsky, BLOCK, OSHER and BRoH-K AIN 
it seems that the proteolytic enzyme found in urine is secreted by the gastric 
cells directly into the blood stream. Thus, if the proportion of the total amount 
of gastric pepsinogen which enters the blood stream is the same in prematiuires 
as in adults and if the renal function is the same concerning the output of 
uropepsinogen, the rates of excretion of uropepsinogen can be used as a test of 
the peptic capacity in the gastric juice of prematurely born infants. From the 
results reported in this paper the peptic capacity seems to be the same in 
prematures as in full-term infants if the factors regulating the excretion of 
uropepsinogen are the same in both groups. In some of the prematurely |orn 
infants the amount of pepsinogen excreted was, however, very low. Sinc« in 
those cases a significant increase in the rates of excretion was found during the 
period of observation, this increase is thought to be the result of matura‘ ‘on. 
These results seem to be in agreement with those reported by WERNER an: by 
GSCHWIND, that the proteolytic activity in the gastric mucosa and in ihe 
pancreas is very low immediately after birth in some prematures with « oW 
birth weight. As their results were obtained from autopsy material, how: er, 
they were not able to follow the development of the proteolytic acti. ‘y. 
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From the results found in this investigation it seems that infants with a low 
activity during the first days of life rapidly increase the peptic secretory 
function. 

According to MADEY and DANCcIs the duodenal juice contains normal con- 
centrations of trypsin in prematures. As revealed from measurements of the 
urinary output of pepsinogen the gastric pepsinogen secretion is the same in 
prematurely born as in full-term infants. Thus, there are no reasons to sup- 
pose that there should be in cases of premature birth an impairment in the 
ability to digest whole proteins. This suggestion is in harmony with the find- 
ings that prematures have equally satisfactory nitrogen absorption as full- 
tern infants whether protein or hydrolysate is given (MAGNUSSON, WERNER 
and WRETLIND; FEINSTEIN and SMITH). 


Summary 


The rates of excretion of uropepsinogen have been investigated in pre- 
maturely born and in full-term infants in early infancy. 

When the values obtained are correlated to the body weight the uropep- 
sinogen excretion is found to be on an average the same in both groups of 
infants even in the neonatal period. The normal range of the excretion is 
about the same in early infancy as in adults. In some of the prematures with 
alow birth weight the excretion is below the normal variations in the first 
days of life. In these cases, however, there is a successive increase in the ex- 
cretion during the first month of life. Since the rate of excretion seems to be 
relatively independent of the protein intake, this increase is suggested to be 
due to maturation. The significance of these findings has been discussed. 
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Experimental Approach to the Pathogenesis of Retrolental 
Fibroplasia 


I. Changes of the Eye Induced by Exposure of Newborn Mice to 
Concentrated Oxygen 


by LARS J. GYLLENSTEN and BO E. HELLSTROM 


Though the literature on the problem of retrolental fibroplasia is aceu- 
mulating, there is still no agreement concerning its etiology and pathogenesis. 
tecent clinical observations and studies, however, strongly point to an influ- 
ence of environmental oxygen in the production of the disease. Several 
reports confirm the positive correlation between the use of high oxygen con- 
centrations in incubators and a high incidence of the disease (CAMPBELL 1951, 
CROSSE 1952, GOLDMAN and TOBLER 1952, JEFFERSON 1952, LANMAN 1952, 
Patz et al. 1952, LOCKE 1954, GORDON et al. 1954). The opinions concerning 
the mechanism of this influence are controversial. Most authors have inter- 
preted the correlation as a reflection of direct oxygen toxicity. There are, 
however, important observations, especially those by SzEwczyk (1952, 1953) 
and BEDROSSIAN et al. (1954), which seem to indicate that the high oxygen 
content is more a predisposing factor and the cause of the disease is a relative 
anoxia that follows, for example, a sudden withdrawal from this high environ- 
mental oxygen. 

The problem of retrolental fibroplasia has also been approached with the 
aid of animal experiments, and similar pathological changes have been pro- 
duced in animals in different ways. These experiments also support the view 
that variations in the environmental oxygen can produce lesions in the eyes 
similar to those found in retrolental fibroplasia. INGALLS et al. (1952) produced 
conenital malformations of the eye in mice through maternal anoxia obtained 
by « xposing the pregnant mice to rarefied atmospheres in low-pressure cham- 
ber’. The malformations were characterized by open eyelids at birth and by 
assi-iated defects of the retina and vascular system of the eye. The incidence 
of t'.e malformations was relatively low. GYLLENSTEN and HELLSTROM (1952) 
rep. rted the effect of intermittently applied 100 per cent oxygen to the 
pos natal development of the eyes of full-term mice. Approximately one- 
thi | of the animals showed definite pathological changes consisting of 
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hemorrhages into the vitreous body, behind the iris and into the anterior 
chamber, hyperplasia of the tunica vasculosa lentis, retinal detachment aid 
folding, and, moreover, the formation of pathological vessels in the vitreous 
body. ASHTON et al. (1953), subjecting kittens a few days old to a high ccn- 
centration of oxygen (60—80 per cent) for several days, demonstrated that tiie 
process of retinal vascularization was influenced and that the treatment mig lit 
in certain circumstances completely obliterate the ingrowing retinal corm- 
plexes. Transfer of the animals to air led to a re-opening of the vessels hut 
many were permanently obstructed so that the normal vascular architecture 
was not restored. The reformed network was greatly abnormal, hemorrhaves 
occurred, retinal re-vascularization recommenced from the disc, blood vessels 
grew into the vitreous body and retinal detachment developed. PATz et al. 
(1953) exposed newborn rats, mice, kittens and puppies to 70—80 per cent 
oxygen for varying periods of time. Changes similar to human retrolental 
fibroplasia were produced. The characteristic endothelial nodules in the nerve- 
fiber layer of the retina with budding into the vitreous body and retinal 
hemorrhages are especially mentioned. 


Present Investigation 


The present investigation is a more extensive study based on the findings 
previously reported. It seemed important and logical to try to analyze the 
sequence of the findings observed and their occurrence in relation to continuous 
oxygen exposure on the one hand and to rapid withdrawal from high oxygen 
environment on the other. The observations in this report deal only with 
relatively early changes during a period of a few weeks. 


Methods 


The eyes of newborn, full-term mice roughly correspond, as regards developme: ial 
maturity, to the eyes of human fetuses of about four months. 

Albino mice and inbred black mice (stock C57BL/6, Roscoe B. Jackson Memorial 
Laboratory, Bar Harbor, Maine) were used, both stocks having a very low freque icy 
of spontaneous eye anomalies. The animals were fed on a mixture of dry milk, ye.st, 
oats, wheat, rye, corn and bread, with cod liver oil, ferric citrate, potassium iod ‘le, 
calcium carbonate, sodium fluoride, manganese sulfate, and added salt. 

The exposure to oxygen began within 16 hours after birth. Two litters of the sa ‘ne 
age were always treated concomitantly. The young of the two litters were as a : ile 
equally distributed in an oxygen group and control group, so that the litters \ re 
blended. The exposure to oxygen was made in air-tight cages of 27 1 volume (ex: pt 
in the experiments with intermittent oxygen exposures, which were performe: in 
smaller containers). The flow of oxygen was 0.5 1/min., concentration of oxygen in 
cages 98—100 per cent, as checked with a Beckman oxygen analyzer, relative humi: ty 
80—90 per cent, and temperature about 24° C. 
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he control animals with their mother were put in a similar cage, perfused with air 
at ‘he same flow, temperature and humidity. 

(he cages were constructed with a valve chamber at the opening, in the form of an 
air-tight cuff, so that the animals could be fed, handled, taken out and put into the 
chamber without change of atmosphere in the cage. 

Three groups of animals were used, each consisting of about 100—150 newborn 
mice exposed to oxygen and about 100—150 corresponding controls. 

i. Newborn mice were subjected to exposure to concentrated oxygen for two days, 
followed by rapid transfer to normal atmosphere, where the animals remained for one 
day, after which they were exposed to oxygen for another two days, and so on. The 
young animals were killed 5 to 28 days after birth. 

2. Newborn mice were continuously exposed to concentrated oxygen for 2 to 16 
days. The adult animals did not stand the oxygen atmosphere for more than about 
four days, after which they died with pulmonary edema. The mothers were therefore 
interchanged between oxygen group and control group every second day or daily. 

3. Newborn mice were exposed to concentrated oxygen for five days, after which 
they were rapidly transferred to normal atmosphere, where they remained for one to 
ten days before being killed. During the stay in oxygen atmosphere the mothers were 
interchanged between oxygen group and control group as previously described. 

The mice were killed with 0.5 ml 20 per cent urethane intraperitoneally. The middle 
part of the head with the eyes in situ was stripped free from skin and fixed in Susa 
mixture (trichloracetic acid, formol, mercuric chloride, and acetic acid), decalcinated 
in formic acid and sodium formiate, embedded in paraffin, and sectioned in series. 
The sections were 5 microns thick, and every 9th section was stained in iron alun hema- 
toxvlin and fuchsin picric acid (Hansen). The lungs were fixed in Susa mixture, sec- 
tioned and stained by the same method. 


Results 


The survival rate of the various groups of experimental animals amounted 
to 25-40 per cent while among the control animals the corresponding figures 
varied between 45 and 80 per cent. This difference was partly due to the fact 
that the mother animals were more irritable and cannibalistic when kept in 
oxygen. The difference might also be caused by a general toxic influence 
brought about by the oxygen on the newborn animals. The high mortality 
rate and the difference in this respect between control and experimental ani- 
mals make a quantitative comparison between frequencies of more subtle 
changes less valuable. We have therefore limited ourselves in the following 
to describe more obvious and conspicuous changes. There is no reason to 
belicve that the higher mortality among the experimental animals should 
increase the observed frequency of marked pathological findings. 
ie outstanding feature in the early pathology of human retrolental fibro- 
plavia is a vascular abnormality with a proliferation of abnormal and newly 
for: ied retinal capillaries into the vitreous body with bleeding and edema. 
Thi fact draws the primary attention of disturbances of the vascularization 
of /1e eye into focus also in experimental animals. 
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The immature eyes of newborn mice still have their hyaloid artery with ‘5 
branches forming the tunica vasculosa lentis persistent. These regress slow iy 
and can be found as small capillary remnants up to 2-3 weeks of age in norn al 
animals after which they completely disappear. The branches from the hyalcid 
trunk that form the retinal capillaries in the nerve fiber layer are absent or 
at least not canalized at birth, but develop rather suddenly as a rule during 
the 5th to 7th day of life, after which they can be seen also in the periphery 
of the retina. At the same time the differentiation in the two nuclear layers 


takes place. 


Effect of intermittently administered oxygen 


The animals were exposed intermittently to concentrated oxygen, as 
mentioned before, for 5—28 days. 54 animals survived the treatment, which, | 
in most cases resulted in a marked persistence and proliferation of the branches 
from the hyaloid artery. The vessels were dilated to an extent never seen in a 
normal animal (Figs. 1—2) and in about one-third of the animals hemorrhages 
occurred. The hemorrhages had a characteristic coniform shape and were 
primarily located in the primary vitreous body (Fig. 1). Secondary leakage 
into the anterior chamber and into the secondary vitreous body, preferably 
along the inner surface of the retina, occurred in a few cases (Fig. 1). The 


Fig. 1. Eye from a 15 days old mouse in concentrated oxygen intermittently since b' }. 

Large, cone-shaped bleeding in the primary vitreous body from persistent, dilated hye id 

vessels. Secondary leaking from the bleeding behind the iris and into the secondary vitre: °s- 
(= 44) 
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Fig. 2. Eye from a 16 days old mouse in concentrated oxygen intermittently since birth. 

Abnormally persistent, dilated hyaloid vessels in connection with the nerve fiber layer. 

Retinal fold at the site of the junction. Bundles of endothelial cells but no capillary lumina 
are seen in the nerve fiber layer. ( x 150) 


Fig. i. Eye from a 20 days old mouse in concentrated oxygen intermittently since birth. 
Prot se bleeding and persistent hyaloid vessels in the vitreous body. Multiple retinal folding. 
Tangential section. ( x 44) 
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longer the animals had been exposed the more pronounced were the changes. 
There was no consistent pattern concerning the development of the reti:al 
vessels. In many cases they seemed normally developed, in some instances 
there was a marked inhibition of their outgrowth with no visible vessels in 
animals 2—3 weeks old. A few showed dilated retinal vessels or even an :ib- 
normal proliferation into the vitreous body but no bleeding was observed. 
Occasional retinal folds were also encountered (Fig. 3). 


Effect of continuous oxygen exposure 


66 animals survived the exposure ranging 2—16 days. The hyaloid branciies 
into the vitreous body showed an abnormal persistence in most cases and even 
a proliferation of apparently newly formed vessels of varying calibre (Fig. 4). 
Bleeding, mainly in the vitreous body, was also observed in 6 cases, thus 
with a lesser frequency than in the intermittently exposed animals. An almost 
constant finding, however, was a marked inhibition of the vessels in the nerve 
fiber layer (Figs. 5—6). Even in the case of exposure for more than two weeks 
these vessels were rarely met with. Bundles of endothelial cells, probably 
representing non-canalized vascular primordia, were frequently seen. They 
almost never protruded over the inner surface of the retina. A small retinal | 
bleeding was noticed in one case as were occcasional retinal folds. No difference 
between white and black animals in these respects was observed. 


Fig 


ary 


Fig. 4. Eye from a 15 days old mouse in concentrated oxygen continuously since birth. Pap 
ner 


region. Excessive proliferation of hyaloid vessels. Some of the branches run close to the 
surface of the retina. Absence of capillaries in the nerve fiber layer. ( » 150) 
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ibly | Fig. 5. Retina of a 10 days old mouse in concentrated oxygen continuously since birth. Note 


, absence of capillaries in nerve fiber layer. ( x 150) 
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Fig 6. Normal retina in a 10 days old control animal. Capillaries in nerve fiber layer. ( x 150) 
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Effect of continuous exposure to concentrated oxygen for five days, followed by raj; id 
transfer to normal atmosphere 


The death rate of the young, exposed to oxygen, amounted to some ‘0 
per cent, as contrasted with some 20 per cent among the corresponding con- 
trols. Most of the deaths occurred shortly after the transfer to normal atm.s- 
phere. 

During the first few days after the transfer there was a dilatation of thie 
vessels at the posterior surface of the lens (tunica vasculosa lentis), in the 
primary vitreous body, in the iris stroma and at the posterior surface of tlie 
iris (Figs. 7—8). Later on these vessels became tortuous and hyperplastic, 
forming vascular networks especially in the primary vitreous body behind 
the lens. 

In about half of the animals (in 6 out of 15), killed one to two days after 
the transfer to normal atmosphere, there were hemorrhages in the primary 
vitreous body, anterior chamber or iris, but mostly in the former (Fig. 7). 
Similar hemorrhages were found in 20 of 22 animals killed six to ten days after 
the transfer to normal atmosphere. Besides, there were also bleedings in the 
retina in half of the animals, mostly located in the nerve fiber layer. In some 
of these there were bleedings from ruptured vessels in the nerve fiber layer 
into the secondary vitreous body (Figs. 11—14). 


Fig. 7. Exposure to concentrated oxygen for five days followed by stay in normal air for | ‘vo 

days. Numerous dilated hyaloid vessels behind the lens with small bleedings in the prim ry 

vitreous body. Greater hemorrhages behind the iris and in the anterior chamber. Com) ‘re 
with Figure 8! ( x 44) 
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Fig. 8. Normal eye, 7 days old. The animal is the corresponding control to the animal of 
Figure 7. (x 44) 


Fig. '. Exposure to concentrated oxygen for five days followed by stay in normal air for two 
day: Profuse hemorrhage in the primary vitreous body with numerous dilated, hyaloid vessels. 
No obvious vessels in the nerve fiber layer. ( * 150) 
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Fig. 10. Normal eye, 7 days old. Normal vitreous body and vascularized nerve fiber layer. aaos 
The animal is the corresponding control to the animal of Figure 9. ( x 150) ; 
| 
| 
Fig. 11. Exposure to concentrated oxygen for five days followed by stay in normal air fo: ten j 
days. Vascular membrane at the posterior surface of the lens, hemorrhages in the vitr 0us 
body, proliferation of the nerve fiber layer, foldings of the retina. Compare with Figur 13! Fig. 
(x 44) 
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Fig. 12. Exposure to concentrated oxygen for five days followed by stay in normal air for ten 
ee days. Detail of Figure 11. Hyperplasia of the nerve fiber layer and of the vessels. Vitreous 
} hemorrhages. Foldings of the retina. ( « 150) 


ten 
us 


13! Fig. 3. Normal eye, 15 days old. The animal is the corresponding control to the animal of 
Figures 11-12. ( x 44) 
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Fig. 14. Exposure to concentrated oxygen for five days followed by stay in normal air for ten 

days. Hyperplasia of the nerve fiber layer with numerous vessels, some of which are ruptured, 

and bleeding into the vitreous body. Irregularities of the nuclear layers. Fibrous strands in 
the vitreous body. (= 150) 


One to two days after the transfer to normal atmosphere practically no 
vessels with lumina were found in the nerve fiber layer (Figs. 9—10). After that, 
however, a formation of vessels started from compact angioblastic primordia, 
present in the nerve fiber layer from the beginning. The development of 
retinal vessels started at the papilla and propagated towards the periphery 
of the retina. Ten days after the transfer to normal atmosphere there was iin 
abundance of vessels in the retina, often hypertrophic and showing buddines 
or capillary tufts into the secondary vitreous body (Figs. 15—17). Simultane- 
ously there were also hypertrophic changes in the retina, mostly the central 
parts of the retina, with an irregular thickening of all retinal layers, especia!!y 
of the nerve fiber layer and the inner nuclear layer. The outer nuclear lay«r 
often showed an irregular appearance with a folded outer border (Figs. 11—1°). 
Besides, small, acute retinal folds also greater detachments and foldings of t \e 
retina were found. In addition to the hypertrophic and hyperplastic vess« 's 
with hemorrhages in the vitreous body, collagenous strands and fibrils we ¢ 
also seen in the latter some of which being adherent to the inner retinal lay« ' 

A number of animals were prepared after more than ten days’ stay in norm: | 
atmosphere. The changes found in these will be described in full in a lat. r 
publication. It may, however, be mentioned that the hypertrophic ai | 
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Fig. 15. Exposure to concentrated oxygen for five days followed by stay in normal air for ten 
days. Vascular hyperlasia in the nerve fiber layer with capillary tufts budding into the vitreous 
body. Irregular thickening of the retina. Vessels and fibrous strands in the vitreous body. 


Fig 


Compare with Figure 16! ( x 150) 


i6. Normal eye, 15 days old. The animal is the corresponding control to the animal of 
Figure 15. (x 150) 
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Fig. 17. Exposure to concentrated oxygen for five days followed by stay in normal air for ten 
days. Proliferation of vessels from the nerve fiber layer at the periphery of the retina into 
the vitreous body. ( x 150) 


Fig. 18. Exposure to concentrated oxygen for five days followed by stay in normal air ior 
twenty days. Foldings of the irregular retina. Bleeding in the vitreous body. ( « 150 
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fen 
ito Fig. 19. Lung from a young mouse after six days’ stay in concentrated oxygen. Pulmonary 
exsudate with amorphous masses forming membranes in the small ducts. Hypertrophy of the 
alveolar walls. Compare with Figure 20. ( x 150) 
| 
‘ 
7 
| 
+ 
Fig. 0, Lung from a normal mouse. Corresponding control to the animal of Figure 20. ( 150) 
I ~547511 A. Wallgren 
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hyperplastic anomalies of the present material partly were followed by ati o- 
phic changes of the retina in the older material (Figs. 18). 

The histology and pathology of the eyes were practically always symmet:ic 
on both sides. The eyes of the oxygen treated animals were consequen'|ly 
compared with the eyes of the corresponding controls. No similar chanves 
were found in the latter. No differences were found between the two strains 


of mice. 


The lungs of the young after two to three days stay in concentrated oxygen 
demonstrated a high frequency of pulmonary, albuminous edema, hyper- 
trophy of the epithelium in the alveolar ducts and of the alveolar walls and 
macrophages occurring in the alveoli. In the alveolar ducts and respiratory 
bronchioli the pulmonary exsudate sometimes contained acidophilic, amor- 
phous membranes (Figs. 19—20). These pulmonary changes may have some 
influence on the occurrence of a possible hypoxia. 


Discussion 


The effect of oxygen described on eye structures in newborn mice seems 
primarily to concern the vascular systems and, moreover, in different ways. 
The system of the hyaloid artery with its branches, which is already estab- 
lished at birth, shows an abnormal persistence and proliferation with occa- 
sional bleedings during continuous oxygen exposure. The retinal vessels, on 
the other hand, normally developing during the first week of postnatal life 
show marked inhibition of their growth. This is in accordance with the 
obliteration of retinal vessels observed in kittens by ASHTON et al. We hive 
not observed the proliferation and budding of retinal vessels under thivse 
conditions as described by PA’z et al. 

A rapid withdrawal leads to dilatation of the hyaloid vessels with frequ«nt 
hemorrhages. Above all, however, the transfer to normal air leads to an 
excessive growth of the capillaries in the nerve fiber layer with abund int 
budding into the vitreous body, bleeding in the retina and secondary irre :u- 
larities of the other layers of the retina with folding. This picture correspo:ids 
more with the early pathology found in retrolental fibroplasia and we belli: v¢ 
that analogies can be drawn concerning the mechanism producing the dise: se. 


The cause of the proliferation of retinal vessels is probably a reaction to | he 
sudden lowering of the environmental oxygen. This opinion could more ea ‘ly 


be brought into consistency with the fact that the disease has been obse1 
in premature children, preferably those with perinatal anoxia, where 
oxygen has been used in the treatment (HUGGERT and ZETTERSTROM). Ii is 
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also interesting in this connection to consider the findings by HUGGERT, 
wlio demonstrated the influence of oxygen on the calibre of the retinal vessels 
in premature infants. 


Summary 


1. Newborn, full-term mice were subjected to exposures in 98—100 per cent 
oxygen, (a) intermittently, (b) continuously, or (c) for five days followed by 
rapid transfer to, and stay in, normal atmosphere. The development of the 
eyes was followed histologically for 28, 16, and 15 days after birth, respec- 
tively. 

2. Intermittent exposures to oxygen caused a high frequency of persistence, 
proliferation and dilatation of the retrolental hyaloid vessels with hemor- 
rhages in the primary vitreous body. Retinal folds were occasionally found. 

3. Continuous exposures to oxygen caused a persistence and proliferation 
of the retrolental hyaloid vessels and a retarded formation of retinal vessels. 
Small intraocular bleedings occurred occasionally. 

1, Continuous exposures to oxygen followed by rapid transfer to, and stay 
in, normal atmosphere caused a dilatation and a progressive proliferation of 
the retrolental hyaloid vessels and of retinal vessels with capillary buddings 
from the retinal vessels into the vitreous body. Hemorrhages from both 
retinal and hyaloid vessels occurred frequently. The retina showed progres- 
sive irregularities, proliferations and foldings. 

5. Retinal atrophy after longer periods of observation since the transfer 
from oxygen to normal air is preliminarily reported. 

6. The experimental changes of the eyes after oxygen exposures are dis- 
cussed with regard to the pathogenesis of human retrolental fibroplasia. 
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From the Pediatric Clinic of Karolinska Sjukhuset, Stockholm. 
(Head: Professor A. WALLGREN.) 


The Frequency of Bronchial Asthma in Swedish School Children 


by SVEN KRAEPELIEN 


Nowadays bronchial asthma in children is exceedingly common. A children’s 
doctor will find that asthmatics constitute a not inconsiderable proportion 
| of his patients. The more chronic and invalidating nature of the disease will 

almost invariably some time or other call for hospital examination. Conse- 
quently, as often the asthmatic attacks cannot be coped with at home, these 
- children form a fairly large group of the in-patients in the children’s hospitals 
in Sweden. 

It is not possible to tell from the literature whether or not the frequency 
of asthma in children has increased during the past few decades. As a matter 
of fact, investigations regarding the frequency of asthma in children are 
generally on the whole rather sparse. In 1935, COLLINS examined 9,000 
families in 18 Federal States in America, giving figures on the incidence of 
bronchial asthma in childhood. He ascertained in different age-groups a 
frequency varying from 0.07 to 0.45 per cent (i.e., 0O—4 years 0.33 %, 5—9 
years 0.45 %, 10—14 years 0.31 %, 15—19 years 0.07 %). WILLIAMS’ (1951) 
coniprehensive investigation of the asthma frequency in England and Wales 
provides no information on asthma in childhood, the frequency in adults 
being recorded as 0.9 per cent. Data concerning the distribution of bronchial 


asthma in Scandinavia are rare, the only major investigation in existence 
referring to conditions in Norway. CLAUSEN (1948) there found an asthma 
frequency of 0.4 per cent in a mixed group of children and adults. 

In order to obtain some idea of the distribution of asthma among children 
in Sweden, I have tried to procure figures illustrating the frequency of asthma 
in our Swedish schools on the basis of data provided by the Royal Board of 
Education, supplementing this with results from personal interviews with 
school doctors in the elementary schools of Stockholm in regard to the condi- 
tions prevailing in the spring of 1953. 


Material 
Tie frequency of asthma was calculated from three different groups: 


1. Children from elementary schools in the whole of Sweden during the 
sch: ol-years 1948/49 and 1949/50. The reports refer to Class I (7-year-olds), 
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Classes III or IV (9—10-year-olds) and Classes VII or VIII (183—14-ye:r- 
olds). See Table 1. 

2. Children from the elementary schools of the city of Stockholm on March 
Ist, 1953, Classes I—VIIT (7—14-year-olds). See Table 2. 

3. Children and youths from higher-grade schools, such as, among others, 
public schools, municipal intermediate schools and girls’ schools (11—20- 
year-olds). The reports refer to the conditions during the school-years of 
1944/45 to 1951/52, with the exception of the school-year 1950/51 for which 
no data are available. See Table 3. 


TABLE 1 


Frequency of bronchial asthma in Swedish elementary schools during the school- 
years 1948/49 and 1949/50. 


Numt Asthmaties 
Number | % 
1948/49 I 94,530 738 0.78 
III or IV 85,682 693 0.81 
VII or VIII 55,437 293 0.53 
Total 235,649 1,724 | 0.73 
1949/50 I 104,350 808 0.77 
III or IV 90,938 720 0.79 
VII or VIII 61,712 276 0.5% 
Total 247,000 1,804 0.73 
Results 


It emerges from Table 1 that the frequency of asthma in the elementary 
schools of Sweden during the two school-years 1948/49 and 1949/50 was 
equal, viz., 0.73 per cent. As regards the lower age-groups, viz., 7-year-clds 
(Class I) and 9—11-year-olds (Classes III or IV), the frequency was simiar, 
i.e., 0.77—0.81 per cent. In 13—14-year-olds (Classes VII or VIII), however, 
a statistically significant decrease was noted to 0.53 per cent for both sche »l- 


years. 

The result of the personal interviews concerning the conditions in  1e¢ 
elementary schools of Stockholm (Table 2) differs from that concerning _ \¢ 
elementary schools of the whole of Sweden, the frequency figure for Stockh: 
being considerably higher. In a material comprising approximately 60. )0 
children the frequency of asthma was 1.37 per cent. When this materi: is 
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TABLE 2 


151 


Frequency of bronchial asthma in the elementary schools of Stockholm on 
March Ist, 1953. 


Asthmatics 
Class Number Difficulties in No difficulties Total 
of pupils school &c 
Number % Number % Number % 
L. 11,918 59 0.50 133 1.11 192 1.61 
II 11,688 58 0.50 104 0.89 162 1.39 
III 9,953 43 0.43 101 1.01 144 1.45 
IV 8,730 31 0.36 93 1:07 124 1.42 
V 5,131 20 0.39 56 1.09 76 1.48 
VI 4,022 21 0.52 42 1.04 63 157 
VII. 3,262 14 0.43 Path 0.83 41 1.26 
VIII 2,406 3 0.12 18 0.75 pAl 0.87 
Total . 60,063 249 0.41 574 0.96 823 NBS 
TABLE 3 


Frequency of bronchial asthma in higher-grade schools of Sweden during the school- 
years 1944/45—1951/52. 


Asthmatics 
School-year Number of 

pupils Number % 
1944/45 87,557 338 0.39 
1945/46 91,019 44] 0.48 
1946/47 93,611 435 0.46 
1947/48 97,205 474 0.49 
1948/49 103,012 574 0.56 
1949/50 111,311 645 0.58 
1951/52 128,321 668 0.52 


dist :ibuted among the various age-groups, the frequency in the first 6 classes 
({— 12-year-olds) varies between 1.39—1.61 per cent, then tends to decrease 
dovn to 0.87 per cent in the highest form (13—14-year-olds). The difference 
int .e asthma frequency between Class I and Class VIII is statistically signifi- 
can . When a distinction is made between the children who are continuously 
har pered at school by their disease and those only briefly or temporarily 
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invalidated, the former group amounts to 0.41 per cent and the latter ‘0 
0.96 per cent. 

As to the conditions in the higher-grade schools, comprising the older ave- 
groups (11—20-year-olds), the frequency of asthma varies between 0.39— 
0.58 per cent, but the figure for the last few years has been relatively con- 
stant at 0.52—0.58 per cent (Table 3). 


Discussion 


In order to arrive at a definite conception of the distribution of a disease 
in a country or in a group of the population, a direct inquiry then and there 
is of course the method that would yield the most indisputable and accurate 
results. Nevertheless, an investigation like the present will afford some idea 
of these conditions. When, as in this instance, the investigation is based 
largely on the official reports of the school doctors, the question arises as to 
the precise definition of asthma by this or that dector. It is for obvious 
reasons hard to differentiate between bronchial asthma and asthmatic bron- 
chitis, since both these diagnoses markedly overlap. In all likelihood, the more 
benign asthmatic bronchitis is generally not recorded, while the cases sub- 
mitted to official reports manifest more striking symptoms, probably indi- 
cative of true bronchial asthma. 

Whether there is any difference in the frequency of asthma in various parts 
of Sweden cannot now be established on the basis of the present material. 
A closer analysis with regard to the difference between country and town, 
agricultural and industrial districts, and the influence cf different climatic 
and geological conditions on the distribution of the disease, would of course 
be of much interest. However, as the primary data are collected from one 
county to another, and as these counties are unfortunately heterogeneous is 
to size, structure and population, it is impossible to form an idea of these 
conditions without considerably restricting the basic units of inquiry. 

The figure obtained from the elementary schools of Stockholm regarding 
the frequency of asthma is much higher (1.37 per cent) than that for t!. 
elementary schools of the whole of Sweden (0.73 per cent). This might »e 
attributed to the greater frequency of this disease in a city such as Stockho'm 
than in the country and in less densely populated communities. Howey, 
the present investigation cannot give any answer to that question, since | \e 
materials cannot be compared. The data concerning Stockholm are bas d 
on personal interviews with the school doctors as to the frequency of asthi.a 
in the schools, while in the official statements to the Royal Board of Educat: n 
asthma constitutes only one of the many diseases to be reported. From 
the figures obtained through a compilation of the official reports from 
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s‘hool doctors can, in all probability, be assumed to be minimum values, 
considering that the majority of doctors, for psychologic reasons, are unlikely 
to report doubtful cases. 

In the present investigation, a tendency to a decrease in the frequency of 
asthma is observed throughout as regards puberty and the years immediately 
after it. 

When the frequency figures obtained by means of the official reports from 
school doctors (0.73 per cent) are translated into actual figures, it is found 
that, with the present number of pupils in the elementary schools of Sweden 
of about 685,000, approximately 5,000 children from the elementary schools 
are afflicted with asthma. When the asthmatic pupils of the higher-grade 
schools are added, the total number equals about 5,700 school children and 
youths suffering from asthma. Since there is reason for supposing that the 
frequency figures from the elementary schools of Stockholm (1.37 per cent) 
ure more likely to reflect the actual distribution of asthma, and if these 
figures are taken to apply to the whole of Sweden, an approximate figure 
of 10,000 asthmatic school children and youths will result. 

These figures of the distribution of bronchial asthma only refer to conditions 
in Swedish schools. When also the asthmatic children of pre-school age are 
taken into account—a very large group whose exact number cannot be 
definitely established—the serious pediatric and social problem of asthma 
becomes even more obvious. 


Summary 


The frequency of bronchial asthma in Swedish schools was investigated. 
The incidence in elementary schools during two school-years with available 
official reports was 0.73 per cent. The number of children examined was 
235,000 and 247,000 in the two groups. In the higher-grade schools (number 
of pupils 87,000—128,000) the incidence during the last eight years varied 
bet ween 0.39 and 0.58 per cent. These figures must be regarded as minimum 
values. A special study of the conditions in the elementary schools in Stock- 
holm in the spring of 1953 (60,000 pupils) showed an incidence of 1.37 per cent. 


References 


CLa: sen, O.: Astma i Norge. Nord. med. 37: 525, 1948. 

Cor ins, S. D.: Age Incidence of Specific Causes of Illness. Pub. Health Rep. 50: 1404, 1935. 

Wi usams, D. A.: Social Importance of Allergic Diseases. First International Congress for Allergy, 
Ziirich, 1951. 


On- 
ase 
ere 
ate 
lea 
sed 
to 
US 
on- 
ore 
ub- 
di- 
its 
ial. 
if1¢e 
se 
ne 
is 
ese 
yin 
\ 
n 
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(Chief: Prof. A. WALLGREN.) 


The Specificity of the Middlebrook-Dubos’ Hemagglutination 


Reaction in Tuberculosis’ 


by R. LAGERCRANTZ 


The growing volume of literature on the Middlebrook-Dubos’ hemaggluti- 
nation reaction and similar serologic tests in tuberculosis has recently been 
reviewed by GERNEZ-RIEUX and TACQUET (1953) and by BRODHAGE (1954). 
Comparatively little attention has been paid to the specificity of these reac- 
tions. The investigations presented below were prompted by the finding of 
positive antibody titers in some tuberculin-negative subjects. 

Two explanations of this discrepancy are illustrated by the experiments. 
One is that in the original hemagglutination test antibodies to the tubercle 
bacillus are not the only factors titrated. This implies that improved tech- 
nique would enhance the specificity of the reaction. The second explanation 
is that such “nonspecific” positive antibody titers may have arisen from in- 
fection with (stimulation of) other bacteria, e.g., other acid-fast rods. 


Own Experiments 


The technique used for the hemagglutination reaction corresponded largely 
with the modification of SmiTH and Scott and has previously been described 
by PETERSON et al. 

The hemolytic modification of the test, which was reported by FISHER and 
MIDDLEBROOK, has been adapted to permit greater accuracy in titration 
(LAGERCRANTZ 1954 b). 

The hemagglutination reactions when sheep erythrocytes and human Group 
0 Rh-negative erythrocytes were used are presented in Tables 1 and 2, whi: 
also show the corresponding results with the adapted hemolysis test. 

Intensified adsorption with sheep red blood cells according to SIEVE 
WINBLAD and ULSTRUP reduces the titer of antibodies in the serum (Table : 

Inhibition tests were carried out with Lederle’s Old Tuberculin, and avi: : 
and BCG tuberculin. Decreasing amounts of tuberculin were mixed with 


1 These studies have been supported by a grant from Svenska Nationalf6reningen m 
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TABLE 1 


sa } Titres of antibodies in healthy, tuberculin-negative individuals. (Accumulated 
percentages. ) 


Titres (percentages of sera showing the titre or 
lower titres) 
] Method Number 


0 ] 2 3 4 5) 6 a 8 9 


Hemagglutination 


| with 
Sheep red cells . 78 33 | 49 | 58 | 62] 77 | 89 | 100 
ti. Human red cells 78 56 | 80 |] 83 86 | 95 97 | 100 
Hemolysis ... . 64 77 | 90 | 98 | 100 
en 
Titres: 0 =no reaction in serum dilution 
3=slight or complete reaction in serum dilution 1/,. 
4= ” ” ” ” ” ” ” 116 
ts etc. 
h fixed amount of immune serum prior to the addition of the antigen-sensitized 
i cells. By this means hemagglutination is inhibited in the stronger concentra- 
ml tions of tuberculin if the antigens tally. The results of such an experiment are 
presented in Table 4. 

In a preliminary communication I reported the results of experiments in 
which guinea pigs were immunized with various acid-fast rods isolated from 
human subjects. The bacterial strains were apathogenic to guinea pigs and 

sly failed to sensitize them to human or bovine tuberculin (LAGERCRANTZ 1954 a). 
ed The experiments are still in process but some typical results are shown in 
nd TABLE 2 

on Titres of antibodies in patients with pulmonary tuberculosis. Titre-values as in 


Table 1. (Accumulated percentages.) 


Titres (percentages of sera showing the titre or 
lower titres) 
Method Number 


magglutination 


with 
| Sheep red cells .| 156 3/ 6] 8 | 14 | 28 | 46 | 69 | 86] 93 | 100 
Human red cells 188 5 a) 30 18 32 57 19 89 | 93 | 100 
Hemolysis: . . 141 | 28 | 29 41 47 51 100 
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TABLE 3 


Intensified adsorption with normal sheep red cells in sera of different origins. 


Titres before Reduction of titres (Number of tubes) 
Group intensified 
adsorption i) } | 1 | 13 | 2 2} 3 34] 4 | 4} 
Healthy tuber- | 1-2 1 
culin-negative , 3-5 2 5 9 3 + 1 1 
individuals | 6-9 ] 1 ] 2 
1-2 ] 5 3 
3-5 + 5 1 2 4 5 
aonors 
| 6-9 l 1 4 1 ] 
Patients with [1 2 l 
pulmonary 3-5 4 3 1 1 
tuberculosis | 6-9 10 4 l 1 


Figure 1. On these animals immunization was performed with Mycobacterium 
balnei, the swimming-pool bacterium, described by LINELL and NoRDEN. 


Discussion 


If in the Middlebrook-Dubos’ hemagglutination test human erythrocytes 
are substituted for sheep erythrocytes, the adsorption of heterophilic anti- 
bodies becomes unnecessary. The hemagglutination titers are generally con- 


TABLE 4 


Inhibition-tests with different tuberculins. 


Tuberculin concentration 
Tuberculin 

re 
inhibiting > n Ye) = I= 
Lederle Lederle 0 0 0 0 0 0 0 0 0 2 

Avian Lederle 0 0 0 0 0 0 0 1 4 
Lederle Avian 0 0 1 2 ¢ 3 d 4 + 4 
Avian Avian 0 l 2 Z : 4 4 4 4 4 
Lederle BCG 0 ] < 4 4 4 4 4 4 4 
Avian BCG 0 0 1 3 4 4 4 + 4 4 


0=no hemagglutination. 


1—3 = incomplete 
4=complete h 


hemagglutination. 
emagglutination. 


BCG-tuberculin not suitable for sensitizing red cells. 
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Fig. 1. Antibody response (Middlebrook-Dubos’ hemagglutination reaction) in three guinea 
pigs immunized with Mycobacterium balnei. 


sidered to be lower with human red blood cells than with those of sheep (see 
e.g. GERNEZ-RIEUX and TACQUET). According to the results in Tables 1 and 2, 
the reaction with human blood is more specific without noteworthy diminution 
of sensitivity. Some of the antibodies titrated when sheep’s blood is used 
probably are directed against these erythrocytes as such. This assumption is 
indicated by the findings presented in Table 3, which tally with those de- 
scribed by SIEVERS, ULSTRUP and WINBLAD. 

Krom Tables 1 and 2 it would seem that the hemolysis modification is more 
specifie but less sensitive than the conventional hemagglutination reaction. 
GERSTLE, KIRSH, ANDROS and WINTER reported similar results. Other workers, 
however, have expressed a contrary opinion (GERNEZ-RIEUX and TACQUET). 

Changes in technique, therefore, can increase the specificity of the reac- 
tions. The theory of antigenic stimulation from other bacteria as a cause of 
the ‘‘nonspecific”’ positive antibody titers is illustrated by the animal ex- 
periments (Figure 1). It is interesting from several aspects that acid-fast rods 
apithogenic to guinea pigs (swimming-pool bacteria and chromogenic acid- 
fast rods) excite production of antibodies as in tuberculosis. The strains 
employed were isolated from human subjects, and swimming-pool infections 
are not uncommon, as shown, e.g., by HELLERSTROM and HERLITZ; NORDEN 
and LINELL. The possibility that low-grade tuberculin sensitivity may be pro- 
duced by antigenic stimulation from acid-fast rods other than M. tuberculosis 
was discussed by PALMER. Further investigation is necessary to determine the 
extent to which increase of antibodies in man may be so explained. 

The fraction of the tubercle bacillus to which the antibodies in the Middle- 
bro.k-Dubos’ reaction respond is a polysaccharide (MIDDLEBROOK and DuBos). 
Fron the results presented in the foregoing it would seem that this poly- 
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saccharide is common to M. tuberculosis and some more or less apathogen 
acid-fast rods. The findings in Table 3 indicate that the polysaccharide is also 
a constituent of tuberculin from avian tubercle bacilli and from BCG. This 
antigen and its antibodies, therefore, probably are not of major significan:e 
in the pathogenesis of tuberculosis. The lipoid and protein fractions of .)/. 
tuberculosis would seem to be more important, and investigations should |e 
made of antibodies to these fractions (see SEIBERT and ASSELINEAU). 

Thus the Middlebrook-Dubos’ reaction appears to be incompletely specific. 
It is not inconceivable, however, that some of the healthy persons whose 
blcod serum shows positive antibody titers may have had a tuberculous in- 
fection. This is not precluded by negative tuberculin skin tests. Antigenic 
stimulation from other bacteria may, in such persons, more easily elicit pro- 
duction of antibodies (nonspecific anamnestic reaction). 

One can no longer accept cutaneous sensitivity to tuberculin as the sole 
criterion of immunity in tuberculosis (RicH). New serologic reactions to the 
various antigens of the tubercle bacillus must be investigated, the role of 
passive immunity studied and the significance of the reticulo-endothelial 
system (macrophages) elucidated. Both tuberculologists and immunologists, 
therefore, must welcome the foundation of the Tuberculous Immunization 
tesearch Center (Copenhagen) to conduct research in this field. 


Summary 


In the Middlebrook-Dubos’ hemagglutination test substitution of human 
Group 0 RKh-negative erythrocytes for sheep erythrocytes enhances tlie 
specificity of the reaction without significantly reducing its sensitivity. The 
hemolytic modification is more specific but less sensitive than the conven- 
tional hemagglutination test. Guinea pigs immunized with swimming-pool 
bacteria (Mycobacterium balnei) or other acid-fast rods apathogenic to thie 
species, form antibodies as in tuberculosis. This is of interest concerning both 
the relation of these bacteria to M. tuberculosis and the specificity of tlie 
Middlebrook-Dubos’ reaction, and also for study of the pathogenesis of 


tuberculosis. 
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Tuberculosis Immunity in Sarcoidosis Studied with the Aid of 


Radioactive BCG Vaccine 


by SVEN LOFGREN, LARS STROM and GOSTA WIDSTROM 


According to general experience tuberculin sensitivity is lowered in cases 
of sarcoidosis. Thus, various workers have found negative tuberculin tests 
in 65—97 per cent of their cases (5). The decrease in tuberculin sensitivity 
is but relative, however, and seems to be correlated to the degree of severity 
and extent of involvement of the sarcoidosis: in roughly 50 per cent tlie 
tuberculin test is positive in the comparatively benign cases of primary 
pulmonary sarcoidosis (2, 3, 4). 

This depression of tuberculin sensitivity, which receives considera) le 
attention in the discussion of the etiology of sarcoidosis, has been used 
as an argument for as well as against the interpretation of the condition 
as a special form of tuberculosis. Among those advocating the tuberculosis 
theory the hypothesis has been favoured that the tuberculin anergy reflecis 
a raised tuberculin immunity, i.e., the so-called “positive anergy” of J \- 
DASSOHN (1). 

As a method of studying this problem it appeared to us that the tec- 
nique, evolved by STROM and RuDBECK (9) and STROM (7) and consisting 
in estimating the absorption of radioactive BCG vaccine might be useful. 
As these workers had noted, following intradermal injection of radioactise 
BCG vaccine in ordinary dosage, viz. such as used in vaccination, the radi>- 
activity disappeared from the site injected within comparatively sho | 
time in tuberculin-negative subjects without preceding tuberculous infec: - 
tion, neither spontaneous nor artificial, to reappear, in certain instance: , 
after but 10 to 15 minutes in the regional lymph nodes. Conversely, in 1 
berculin-positive subjects the vaccine remained at the site of administ 
tion, so that even after 24 hours radioactivity was observed there. In cert: 
subjects vaccinated with BCG but tuberculin-negative, the absorption 
the vaccine proceeded in the same manner as in tuberculin-positive subje 
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TUBERCULOSIS IMMUNITY IN SARCOIDOSIS 


Material 


The present series includes 39 adult patients with clinically typical, pul- 
monary sarcoidosis varying in degree of severity; in 30, the diagnosis was 
verified by biopsy. On the basis of a relationship with tuberculosis and 
tuberculin sensitivity the material was divided into the following groups 
(see the table). 


Group A.—15 patients who, prior to the onset of sarcoidosis, were spon- 
taneously tuberculin-positive, and who during the course of the sarcoidosis 
still responded to tuberculin. As a rule tuberculin sensitivity was slight 
in the presence of sarcoidosis, viz., the Mantoux test being positive in 9 
cases first with 1.0 mg, in 5 first with 0.1 mg, and in one with 0.01 mg. 

Group B.—6 patients who, prior to the onset of sarcoidosis, were spon- 
taneously tuberculin-positive, but who during the course were negative to 
1.0 mg. 

Group C.—2 patients previously BCG-vaccinated but still weakly posi- 
tive to 1.0 mg. 

Group D.—10 patients previously BCG-vaccinated but during the course 
negative to 1.0 mg. 


Group E.—4 patients not previously tuberculin-tested and during the 


course negative to 1.0 mg. 


It is doubtful whether Group E is to be considered homogeneous in the sense that 
the patients had not earlier been infected with tuberculosis. In two of the instances 
the patients may with a certain degree of probability be supposed not previously 
to have been tuberculin-positive: their sarcoidosis was so mild in nature (benign 
primary sarcoidosis which rapidly subsided) that it could scarcely be suspected of 
extinguishing a preceding tuberculin sensitivity. On the other hand, in the two re- 
maining instances the sarcoidosis, being of a chronic and comparatively grave char- 
acter, may well have exercised a tuberculin-anergizing influence if the patients had 
earlier been infected with tuberculosis. 


Group F.—2 patients in whom active pulmonary tuberculosis with posi- 
tive bacillary findings concurred with pulmonary sarcoidosis verified by 
biopsy. These patients were positive to 0.1 mg tuberculin. 


With regard to the degree of severity of the sarcoidosis the cases were 
referred to the following classes (see the table). 

Ciass I.—Benign cases of primary sarcoidosis (bilateral hilar glands with- 
out signs of generalization), and cases in the subsiding stage after minor 
gen -ralization. 

(‘ass IJ.—Benign cases of primary sarcoidosis with bilateral hilar glands 
anc slight parenchymal lesions in the active stage. 


1} - 547511 A. Wallgren 
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TABLE 1 


The present material 


No. of cases in the separate class's 
; : : _| No. of I—V according to severity of 
Groups according to tuberculin | No. of cases disease (see Material) 
sensitivity cases | verified . 
by biopsy = 
A. Mantoux test positive. 
Earlier Mantoux test spon- 
taneously positive ... . 15 12 6 4 2 2 l 
B. Mantoux test with 1 mg 
negative. Earlier Mantoux 
test spontaneously positive 6 5 0 0 2 2 2? 
C. Mantoux test positive. 
Earlier BCG-vaccinated 2 ] I 1 0 0 0 
D. Mantoux test with 1 mg 
negative. Earlier BCG-vac- 
10 6 0 0 4 5 ] 
EK. Mantoux test with | mg 
negative. Not earlier tuber- 
culin-tested ....... 4 4 2 0 0 i I 
F. Mantoux test positive. Sar- 
coidosis plus active tuber- 
culosis 2 0 0 0 2 0 
Total | 39 | 30 | 9 | 5 | 8 12 a 


Class III.—Cases with more pronounced parenchymal involvement of 
the lungs but with benign course, and cases of bilateral hilar glands without 
signs of spreading but with a somewhat protracted course (1 to 11/2 years). 

Class IV.—Cases with pulmonary lesions and, possibly, involvement of 
other organs with a tendency towards chronicity. 

Class V.—Cases with serious generalization, and cases markedly chronic 
in type. 

Collectively, the cases included in Classes I and II are to be regarded as 
benign, those in Classes IV and V as more malignant, and those in C'\ss 
III as intermediate. 

As a control series we used, on the one hand, a group of 9 adult subje«ts 


tuberculin-negative and not previously infected with tuberculosis, and on 
the other a group of 12 adults BCG-vaccinated and tuberculin-posit'.¢: 


both groups have been described elsewhere (8). 
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TUBERCULOSIS IMMUNITY IN SARCOIDOSIS 


Details of Procedure 


The radioactive BCG vaccine used in the present study was prepared by Dr. O. 
Sinvers at the bacteriological laboratory of the Sahlgrenska Sjukhuset in Gothen- 
burg, viz., in the same manner as ordinary BCG vaccine (6) save that the bacilli 
were grown on medium to which radioactive phosphate had been added. 

The vaccinations were performed intradermally with 0.1 ml vaccine on the lateral 
aspect of the left thigh. The radioactivity over the wheal was recorded with a Geiger 
counter immediately following injection as well as after 30 minutes, 3 hours, and 
24 hours. The figures given are the means of three recordings made at the respec- 
tive times. 

Within the groups comprising at least four cases (A, B, D, and E) the means of 
remaining radioactivity were computed for the respective times and plotted in a 
graph. The rate of activity after three hours (ef. 8) was used in assessing differences 
between separate cases and groups. 

The validity of the emerging differences was tested according to TrpretT (10). 


Results 


The absorption velocity of the radioactive BCG vaccine in the Groups 
A, B, D, and E is shown in the graph inserted below. No valid differences 
were emerging from the curves for A, B, and D. On an average, in these 
groups, all of them including sarcoidosis patients with preceding tubercu- 
lous infection, spontaneous or artificial, but differing from one another as 
to present tuberculin sensitivity, absorption was of the same type as in 
spontaneously or artificially tuberculosis-infected subjects without sarcoid- 
osis (cf. 7, 8). This is also true of the separate cases within Groups C and F 
(not included in the graph). Irrespective of the degree of tuberculin sensi- 
tivity, the Groups A, B, C, D, and F on an average thus showed inhibition 
of vaccine absorption indicating a certain degree of tuberculosis immunity. 

llowever, in Group E, consisting of four tuberculin-negative subjects 
without evidence of preceding tuberculous infection, there was a significant 
increase in absorption velocity suggestive of lacking or considerably weaker 
tuberculosis immunity; the absorption curve for this group was identical 
with that for normal, tuberculin-negative, not tuberculosis-infected sub- 
jects. 

‘he observation quoted in the foregoing, viz., that the depression of tu- 
bervulin sensitivity in sarcoidosis is correlated to the degree of severity of 
the condition, is plainly illustrated by the present series. As is seen from 
the table, the groups characterized by persisting tuberculin positivity (A 
an: C) contain largely milder cases (Classes I and II), whereas in the Groups 
B ind D, with extinguished tuberculin response, the sarcoidosis is serious 
in he major proportion of instances (Classes IV and V). 
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The absorption of radioactivity after injection of 0.1 cc labelled BCG. 


Control group C, = tuberculin-positive, BCG-vaccinated adults. 
Control group C, = tuberculin-negative, nor vaccinated nor infected adults. 


To study whether sarcoidosis exercises a corresponding influence on tu- 


berculosis immunity, the absorption velocity of radioactive BCG vaccin 
was estimated in mild versus serious cases of sarcoidosis; the only grou 


e 


which owing to its size and distribution was suitable for this investigation, 


was Group A including 15 cases. It was then found that within this grou 
the more serious cases of sarcoidosis (Classes III to V) showed a significant |: 
accelerated vaccine absorption as compared to the mild cases (Classes 

and IT), which suggests a lower degree of tuberculosis immunity in the gri' 


instances. 
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Evidence to the same effect is furnished by the following circumstance 


Ten sarcoidosis patients altogether among those examined in the presé 
study showed a decidedly rapid vaccine absorption with 50 per cent 
less of the radiation activity remaining after three hours. Eight of th« 
cases proved to belong in Classes IV and V, i.e., instances of grave and 
chronic sarcoidosis. The two remaining were both patients with mild s:' 
coidosis referred to in the foregoing and included in Group E, who proba! 
had not earlier been infected with tuberculosis (see Material). 
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Discussion 


The above findings appear noteworthy in the following respects. The 
previous experience that the tuberculin-anergizing influence of sarcoidosis 
is to a certain extent correlated to the degree of severity and spread of the 
disease, has been corroborated. A corresponding influence on tuberculosis 
immunity, in so far as this can be studied with the aid of radioactive BCG 
vaccine absorption, does not seem to operate as regularly in sarcoidosis. 
Thus, it has been found that sarcoidosis patients previously infected with 
tuberculosis either spontaneously or artificially, but during the course of 
sarcoidosis presenting variations of tuberculin reactivity, irrespective of 
the degree of tuberculin sensitivity might respond uniformly to the injec- 
tion of radioactive BCG vaccine. Hereby previous observations indicating 
that tuberculin allergy and tuberculosis immunity do not run parallel, are 
corroborated (cf. inter alios WALLGREN, WIDSTROM). 

The evidence secured in the present study does not suggest that the degree 
of tuberculosis immunity is higher in patients suffering from sarcoidosis 
than in tuberculin-positive normal subjects. On the contrary, as has been 
disclosed, in certain instances of generalized and/or chronic sarcoidosis there 
are signs of decreased tuberculosis immunity. These findings appear in- 
compatible with the alleged, so-called positive anergy in sarcoidosis, and 
hence do not lend support to the opinion that sarcoidosis is a special form 
of tuberculosis with particularly high tuberculosis immunity; they rather 
seem to furnish an argument for the conception of sarcoidosis as a clinical 
entity that may entail a lowered resistance to tuberculosis. 


Summary 


!. The relationship between tuberculin sensitivity and tuberculosis im- 
munity was studied in 39 cases of pulmonary sarcoidosis. The tuberculosis 
immunity was assessed by following the absorption of intradermally in- 
jectod BCG vaccine. 

A depression of tuberculin sensitivity was noted chiefly in cases of 
ger-ralized and/or chronic sarcoidosis. 

Signs of enhanced tuberculosis immunity (the so-called positive anergy) 
Weie not to be observed in the present series. In several grave cases of sar- 
Col osis, absorption of radioactive BCG vaccine was instead decidedly rapid, 
Wh ch suggests a decrease in tuberculosis immunity. 

No parallelism emerged between the degree of tuberculin sensitivity 
an of tuberculosis immunity. 
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Heart Sounds and Murmurs in Congenital Pulmonary 
Stenosis with Normal Aortic Root 


by EDGAR MANNHEIMER and BENGT JONSSON 


The designation pulmonary stenosis with normal aortic root (1) or pure (4,) 
isolated (10), and uncomplicated (13, 3) pulmonary stenosis as it has also 
been called, differs essentially from pulmonary stenosis in the tetralogy of 
Fallot. The absence of a right to left shunt as a rule protects the patient 
from cyanosis and makes a normal development possible in most cases with- 
out any limitation of physical capacity. 

There are two different types of pulmonary stenosis, i.e. valvular and in- 
fundibular. In the majority of cases the stenosis is valvular, the cusps being 
fused together with a small central opening. In systole this malformed valve 
protrudes like a dome into the pulmonary artery and flattens down in diastole. 

In cases of infundibular stenosis without overriding aorta there is a cir- 
cumscript narrowing so that a bigger or smaller third ventricle will result 
between the stenosis and the valve. In cases of tetralogy of Fallot the infun- 
dibular is most often changed into a long narrow infundibular channel. Fig. 1 
presents a diagram of the two types of pulmonary stenosis with normal aortic 
root. 

In the mildest cases a clear anatomical definition is difficult to make even 
at autopsy. 

The prerequisite for the recognition of a pulmonary stenosis is a pressure 
gradient somewhere between the cavity of the right ventricle and the main 
branch of the pulmonary artery. Normally the systolic pressure is the same 
in tie right ventricle and the pulmonary artery. If the systolic pressure is 
lower in the pulmonary artery a pulmonary stenosis is present. The pressure 
regi-tration is therefore the best method to establish the diagnosis and to 
estiate the degree of the stenosis (10, 7). It is quite natural that pulmonary 
Sten sis with normal aortic root was recognized as a clinical entity first after 
the ‘ntroduction of cardiac catheterization (14, 4, 2, 10, 3, 1, 7). 

I: some of the cases there is a right to left shunt through a patent foramen 
Ova + or an atrial septal defect and consequently these patients will develop 
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diastole 
diastole 


view from 
above 


Fig. 1. Anatomy of pulmonary stenosis with normal aortic root (Diagram). — a. Norma! in- 


fundibular and pulmonary valves. b. Valvular stenosis. c. Infundibular stenosis with third 
ventricle. 


a more or less marked cyanosis. There are also cases with ventricular or 


atrial septal defects with left to right shunts and a mild pulmonary stenosis. 
In such instances the septal defect is the main malformation and the stenosis 
ought to be regarded rather as an associated anomaly. 

ABRAHAMS and Woop (1) have presented a brilliant survey of the physical 
signs in pulmonary stenosis and according to their experience ‘tan accurate 
clinical diagnosis is nearly always possible at the bedside’’. 

The aim of this article is to judge if auscultation and phonocardiography 
could lead to a correct diagnosis and to valuate if a distinction could «also 
be made between the valvular und infundibular types with the help of these 
methods only. Therefore other symptoms and signs will not be discussed in 


this paper. 


The method of calibrated phonocardiography has been described elsewhere (11, 12). 
In principle the method deals with six frequency ranges with the standard frequencies 
of 25, 50, 100, 200 and 400 cycles per second. Every standard frequency is placed at a 
distance of one octave from each other. There is also one ‘“‘earlike”’ curve, i.e. a tracing 
in which the amplification follows the sensitivity of the human ear. This curve repre- 
sents what is heard in the stetoscope by auscultation. There is also a built-in device 
which makes it possible within every channel to measure the degree of amplificia!ion 
so that the method becomes reproducible. 


Following this principle a phonocardiographic examination consists 0! six 
phonocardiograms and one electrocardiogram simultaneously recorded. {he 
lower frequency ranges will give especial information about the heart sous ds, 
and the higher channels will demonstrate the harmonics of the heart sou:ds 
and the different murmurs. The “earlike” tracing, finally, gives a true ):xi- 
stration of what is heard in the stetoscope (Figs. 2—5). 

Before discussing the phonocardiographic results in congenital pulmo: «ry 
stenosis a brief account must be given about the normal cardiac sc ind 


phenomena in children and their variation. 
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TABLE 1 
35 cases of congenital pulmonary stenosis with a normal aortic root. 
Valvular Infundibular alvular and Total 
infundibular 
No septal defects ...... 15 2 1 18 
VSD 6 8 
ASD (For. ovale). 5 ] 1 7 
Total 21 10 4 35 


In the phonocardiogram of a healthy child four heart sounds and a systolic 
murmur with small amplitudes are nearly always recorded. The first heart 
sound is of a complex nature and begins about 0.05 second after the Q-wave 
in the ECG. The distinction of the different parts of the first sound has not 
yet been of any certain diagnostic aid. The second sound terminates systole 
and consists of one aortic and one pulmonary component (9). In deep inspi- 
ration these two components will be separated, the interval between them 
being maximally 0.04—0.05 second (9). In cases with complete or incomplete 
bundle branch block as in atrial septal defects this interval becomes longer 
up to 0.08—0.10 second. The aortic component always preceeds the pulmo- 
nary one except in left bundle branch block when the converse order is ob- 
served. The aortic component is always best recorded over the apex and over 
the right second intercostal space and the pulmonary component over the 
left second interspace. This makes it easy in the phonocardiogram to distin- 
guish both components from each other. The clinical value of these important 
observations made by LEATHAM (9) is obvious. Normally both components 
are of similar amplitude over the pulmonary area. In cases of pulmonary 
hypertension the amplitude of the pulmonary component dominates and in 
cases of hypotension in the lesser circulation, as in most cases of pulmonary 
stenosis, it will be significantly reduced. The third heart sound occurs in the 
beginning of the ventricular diastole and the fourth or auricular sound in 
presystole. Both are normally very low pitched and generally only recorded 
in the lowest frequency range (standard frequency 25 ¢/s). The physiologic 
systolic murmur is mesosystolic in time. It is often best recorded in the fre- 
que.cy range 200 c/s. Its amplitudes increase during exercise, it becomes 
son what higher pitched and protosystolic in time (12). Fig. 2 shows a phono- 
carciogram in a healthy boy aged three. 

(ur material consists of 35 cases of congenital pulmonary stenosis with 
nor ial aortic root. The anatomical diagnosis is presented in Table 1. There 
are “0 boys and 15 girls in the ages of 2 to 15 years. The anatomical diagnosis 
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has been established by means of selective angiocardiography with the tip 
of the catheter placed in the right ventricle (6, 5). All cases have been catlie- 
terized at least once. The interatrial communication has been proved by tiie 
passage of the catheter from the right to the left auricle and the existence of 
any shunt from the results of oxygen analyses. 

11 cases of the valvular type and 3 cases of infundibular stenosis have 
been operated upon. Most patients have been improved after operation and 
there have been no deaths. 

In nearly all cases the heart disease was discovered early. In our 35 cases 
the diagnosis congenital heart disease was made in 23 cases during infancy, 
in 7 cases at 1—3 years of age and in the remaining 5 cases before the age of 
seven. A loud systolic murmur was always the main sign of the disease. Only 
7 cases had symptoms of fatigue and dyspnea on exertion and in all these 
instances the stenosis was marked with a systolic pressure in the right ven- 
tricle above 70 mm Hg. 

Auscultation was dominated by the very loud and harsh systolic murmur 
and a systolic thrill. In cases of valvular stenosis the murmur was best heard 
over the left second interspace at the border of the sternal margin. In the 
more severe cases no second sound could be heard at all over this area. In 
milder cases the second sound was sometimes split. In cases of infundibular 
stenosis the murmur was most distinct lower down in the left third or fourth 
interspaces. It was obvious that a ventricular septal defect so often combined 
with the infundibular stenosis influenced the character of the murmur as it 
became still louder in most of the cases. Even in infundibular stenosis a second 
sound could sometimes be heard. It occurred a short time after the end of 


the murmur. 


The phonocardiogram in valvular stenosis 


Sounds.—The amplitude of the first heart sound was not pathological even 
in the most severe cases. This is not in accordance with REINHOLD et al. (15) 
who found an increased amplitude of the first heart sound. The second sound 
was different in cases with a slight or marked stenosis. In the severe cises 
with a pressure exceeding 120 mm Hg in the right ventricle no aortic com))0- 
nent could be recorded at all over the pulmonary area. When the position 
of this component was determined by registration over the apex and | ‘ie 
right second interspace it was found that it occurs when the systoli¢ mur? ur 
is so loud that a second sound could not be distinguished from the mur ur 
(Figs. 3 and 4). This is in accordance with our experience from auscultation. 

The second pulmonary sound was recorded in all cases where it was obvi )us 
enough to be measured at a distance of 0.06—0.10 second after the begin! ng 
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ventricle pressure, 270/8 mm Hg. Pulmonary artery pressure, 13/8 mm Hg. (Explanations of 
signs see Fig. 2.) 


of the aortic component. It had an amplitude which was only a fourth to 
a fifth of the aortic one in stenoses with a moderate or marked pressure 
gradient. Very often this faint and sometimes low pitched sound was not of 
the magnitude that it could be heard on auscultation. In the milder cases of 
valvular stenosis an aortic component of the sound was clearly recorded, but 
only in the cases with the smallest pressure gradient was the pulmonary 
component of an amplitude approaching the aortic one. On auscultation the 
second sound was in these cases split. The third heart sound and the auricular 
sound were not pathological (Figs. 3 and 4). 

Murmurs.—In our 20 cases of valvular pulmonary stenosis with or with- 
out any atrial septal defect the phonocardiograms had the following charac- 
teristics. In the severe cases with marked stenosis and right ventricular 
hypertrophy the murmur was late systolic in time and diamond-shaped. It 
had big amplitudes up to the highest frequency range. In 12 cases with a 
righ’ ventricular pressure from 70—230 mm Hg with an average of 130 mm 
Hg he highest amplitudes of the systolic murmur were placed in the last 
halt of the distance from the first heart sound to the pulmonary component 
of te second sound. In the remaining 8 cases the murmur was mesosystolic 
and is a rule recorded with smaller amplitudes. In these cases the pressure 
of t'« right ventricle varied from 41—70 mm Hg with an average of 55 mm 
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Fig. 3. Phonocardiogram. Valvular pulmonary stenosis of severe degree. Boy 6 years. — Right 
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A B 
D 
Fig. 4. Phonocardiograms in severe and mild valvular pulmonary stenosis. — A and B: S« 
stenosis. C and D: Mild stenosis. 
Right ventricular pressure: A 230/0 mm Hg, B = 195/11 mm Hg, C = 41/4 mm Hg, 
52/7 mm Hg. Pulmonary artery pressure: A 16/3 mm Hg, B 12/9 mm Hg, C 


mm Hg, D 19/10 mm Hg. (Explanation of signs see Fig. 2.) 


Hg. In order to find if a correlation existed between the strength of the | 
mur and the degree of stenosis all 5 cases with a right ventricular pres 
exceeding 100 mm Hg were compared with 5 cases the pressure of w 
was below 60 mm Hg. The murmurs were classified into three degree 
intensity. It could be shown that none of the 5 “low pressure’ cases 
murmurs of highest intensity and 4 out of 5 cases with a high ventri: 
pressure belonged to this group. It might therefore be concluded that 


murmur is louder the more marked the stenosis. (Fig. 4) 
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5. Phonocardiograms in 3 cases of infundibular stenosis. A: Mild stenosis without 

il defect. B: Moderate stenosis with a small third ventricle and interventricular septal 

‘t. Small right to left shunt. C Moderate stenosis with a big third ventricle and inter- 
ventricular septal defect. Large left to right shunt. 

lic pressure in the right ventr.: A 38 mm Hg, B 109 mm Hg, C 76 mm Hg. 

lic pressure in the third ventricle and pulmonary artery: A 21mm Hg, B = 22mm Hg, 
Cc 22 mm Hg. (Explanation of signs see Fig. 2.) 


i‘ nearly all cases the systolic murmur continued after the aortic compo- 

with a marked decrescendo to the small pulmonary component. This is 
ccordance with LEATHAM (9). The murmur was always recorded with 
est amplitudes over the left second interspace. No case without a patho- 
al systolic murmur was observed. 
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To summarize: The systolic murmur in congenital valvular stenosis wit. 
normal aortic root is in severe cases late systolic in time. It is best recorde:| 
over the pulmonary area and continues after the aortic component to the 
small pulmonary component of the second sound. The murmur seems to he 


loudest in the most severe cases. 


The phonocardiogram in infundibular stenosis 


Sounds.—As in valvular stenosis the first heart sound had a normal ap- 
pearance. The second sound was widely split from 0.05—0.10 second in our 
cases. Both the aortic and the pulmonary sounds were well recorded in thie 
infundibular stenosis without any septal defects because the murmur was 
diminished in amplitudes in late systole (Fig. 5). In cases with a ventricular 
septal defect and a large left to right shunt the murmur continued with very 
high amplitudes up to the aortic component of the second sound which was 
difficult to distinguish (Fig. 5). The pulmonary component was of various 
amplitudes and could sometimes be heard on auscultation. 

Murmurs.—In cases of infundibular stenosis the murmur was purely sys- 
tolic and contrary to the severe valvular cases it began immediately after 
the first heart sound (Fig. 5). It was in all cases best heard and recorded in 
the left third to fourth intercostal spaces. In cases associated with ventricular 
septal defects the murmur was of much higher amplitudes, it was not s 
markedly diamond-shaped, and it ended abruptly with the aortic component 
of the second sound. In some cases small vibrations continued to the small 


pulmonary component (Fig. 5). 


Discussion 


The pulmonary stenosis causes a prolongation of systole due to the diffi- 
culty in emptying blood from the right ventricle. This explains the wide 
splitting of the second sound which occurs in all but the mildest cases. Ear!ier 
a split second sound with a prolonged interval between both components !\as 
always been considered as typical of atrial septal defects. In these cases «an 
incomplete bundle branch block in the ECG is present which has a comi.on 
explanation, namely, a dilatation and high diastolic filling of the right ven- 
tricle. Only in 3 of our 35 cases was an incomplete right bundle branch bli “k 
seen. It might be possible that the explanation of the absence of a bun ‘le 
branch block in pulmonary stenosis is associated with the lack of increa d 
blood flow and dilatation. In pulmonary stenosis hypertrophy but no dili:\- 
tion of the right ventricle occurs, which will cause a prolongation of the ri ‘it 
ventricular systole alone. The reason why the split second sound in pulmoi.. ''y 
stenosis was earlier unknown is probably that it is so faint that it is im) °s- 
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sivle or very difficult to hear on auscultation. But in no other disease in 
children than in these severe cases of valvular and infundibular stenosis does 
the interval reach values up to 0.10 second (Figs. 3—5). 

The infundibulum of the right ventricle is generally accepted as that part 
of the heart which is last excited and contracted. In normal cases both ven- 
tricles are emptying their blood nearly simultaneously. On the other hand, 
in infundibular stenosis the infundibulum changed into a third ventricle will 
terminate its systole later than the left ventricle. The murmur occurs in early 
systole when blood passes from the lower part of the right ventricle through 
the stenosis into the third ventricle. When this third ventricle is emptying its 
blood through the normal pulmonary valves no murmur is heard. 

In valvular stenosis with a high pressure gradient the murmur begins 
shortly after the end of the first heart sound and it reaches its highest am- 
plitudes in late left ventricular systole. The pulmonary component of the 
second sound becomes delayed. The right ventricular systole seems to be 
displaced to the right in the phonocardiogram. It is quite clear that the 
difficulty for the right ventricle to empty must cause a prolongation of the 
right ventricular systole. But it would be more difficult to explain the pause 
after the first sound. The malformed valve is like a membrane inverted in 
diastole towards the infundibulum. In the beginning of systole the stenosed 
valve protrudes into the pulmonary artery like a dome. This movement of 
the valve is not unimportant and involves a displacement of a rather large 
amount of blood without any passage of blood through the stenosis. This flow 
and consequently the systolic murmur must be somewhat delayed in time. 
These facts seem to us to be the most probable explanations of the appearance 
of the phonocardiogram in valvular stenosis. 

The strength or the amplitude of the second pulmonary component is 
partly due to the pulmonary artery pressure and partly to the anatomy of 
the valves. It is not surprising that a distinct pulmonary component will 
develop if the wide range of movement of the membrane in diastole is con- 
sidered. 

ty simple auscultation it is sometimes possible to distinguish between val- 
vulir and infundibular pulmonary stenosis. By means of phonocardiography 
we ire now able to make this differentiation with greater certainty. 


Conclusion 


1 In severe valvular pulmonary stenosis the systolic murmur is of high 
am litude and appears in late systole. It is best heard and recorded over the 
lefi second interspace and it continues after the aortic component of the 
sec nd sound with small vibrations extending to the faint pulmonary com- 
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ponent. The interval between both components varies from 9.05 to 0.'0 
second. It is not possible to distinguish any aortic component over the pil- 
monary area and the pulmonary component is very small. On auscultation 
no second sound can be heard. In mild stenosis the murmur is not so loud 
and both components of the second sound can be recorded. A split second 
sound is heard in these cases. 

2. In infundibular pulmonary stenosis the murmur is early systolic and 
ends with the aortic component of the second sound. The pulmonary coin- 
ponent of the second sound is seen in the phonocardiogram after a silent 
interval of 0.05—0.10 second. The murmur is loudest in the left third and 


fourth interspaces. 
3. The explanations of these findings have been discussed on the basis of 
the anatomy and the hemodynamic function of the heart in both types of 


pulmonary stenosis. 

4. By means of auscultation and phonocardiography a diagnosis of pul- 
monary stenosis with normal aortic root and a differentiation between val- 
vular and infundibular types can be made in most cases. 
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From the Pediatric Clinic, Karolinska Sjukhuset, Stockholm, Sweden. 
(Head: Professor A. WALLGREN.) 


Antibodies to Tubercle Bacilli and Tuberculin Response after 
BCG Vaccination in Infants of Mothers with Tuberculosis 


by S. I. ROLLOF, R. LAGERCRANTZ and J. LIND 


Tuberculosis in childhood is generally conceived to be a serious disease, and 
therefore the protection afforded by BCG vaccination should be given as 
early as possible. The children of tuberculous mothers are particularly in 
need of this safeguard, and since they are always separated from the mother 
until they are supposed to possess an immunity to tuberculosis, it is desirable 
to determine the appearance of immunity as early as possible. 

Tuberculin response has been regarded as a decisive guide, in spite of the 
realization that it is not a reliable gauge of immunity to tuberculosis (RIcH). 
ixperience shows that these children respond rather late to tuberculin and 
frequently have to be revaccinated. Therefore, it has generally been concluded 
that a newborn infant has a particularly weak response to BCG vaccine, as 
to smallpox vaccination (WALLGREN). Since investigations were initiated on 
a broad scale, over 90 per cent of newborns vaccinated intracutaneously have 
been found to be positive to Mantoux (1 mg) within 3 months after vaccina- 
tion (RYDEN, LIND). 

This study presents the serologic investigations of the antibody titre of a 
number of infants of tuberculous mothers and the results of tuberculin tests 
after BCG vaccination of such infants. 


Original investigations 


The antibody determination was performed by a method similar to the 
Seott and Smith modification of the Middlebrook-Dubos hemagglutination 
reaction (PETERSON, LAGERCRANTZ, ROLLOF and LIND). Fig. 1 presents the 
he: agglutination titre of thirty children to mothers with clinically established 
tuberculosis (and of nine of the mothers). Vaccination was made by intra- 
cut neous injection of 0.05 mg of BCG vaccine (0.1 ml) into the left thigh, 
ust ally on the fifth to the seventh day of life. Testing with old tuberculin? 

' The BCG vaccine was produced at the Bacteriologic Laboratory of Sahlgrenska Sjuk- 
hus +, Gothenburg, Sweden. 

* The tuberculin test was made with Old Tuberculin from the State Bacteriologic Laboratory 
{a  »mpound of equal parts of human and bovine tuberculin). 
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Fig. 1. Tuberculin hemagglutinating antibodies in tuberculous mothers and their newborns. 
g 


was generally begun at 6—8 weeks, by using the ointment or Mantoux tests 
with 0.1 mg, and if that amount gave a negative reaction, by injection of 
1 mg. The results were read after 72 hours. The Mantoux reaction was con- 
sidered to be positive when the infiltration had a diameter of at least 10 mm. 
If the children were still tuberculin-negative 3 months after the primary 
vaccination, revaccination was performed, using the same technique. Table 1 
illustrates the results of the tuberculin test in children with tuberculous 
mothers and in those of a control group with tuberculous fathers, as well as 
the frequency of re-vaccination. 

The group of mothers with active tuberculosis included such cases as those 
with a process that had appeared during pregnancy or in the preceding yeur. 
Cases were classified as inactive tuberculosis if there was an old process which 
had been considered as healed. 

Cases with tuberculous fathers were chosen as controls since the same ¢::"e 
had been taken in testing the tuberculin response of the child after vacci:a- 
tion. Furthermore, these children were equally often tuberculin tested, a 
factor which may be of some significance with regard to the possibility 0: a 
desensitization effect from repeated tuberculin tests. 


Discussion 


After BCG vaccination at birth, children with tuberculous mothers bec« :\¢ 
tuberculin-positive less quickly and less often than children with heal’ \y 
mothers (Table 1). This tallies with the results of HAGBERG and THURI L. 
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TABLE 1 


Results of tuberculin tests in infants vaccinated at birth and the frequency of 


revaccination. 
Active Inactive Mother 
healthy, 
tuberculosis | tuberculosis 
i father 
in mother in mother ; 
tuberculosis 
Tub.-pos. 3 months after BCG . 14 30 43 
Revace. twice .......-. 11 2 0 
Revaec:. times . . « 2 0 0 
Total 48 50 50 


This was particularly true when the mother suffered from active tuberculosis, 
and was of practical interest, since these children were separated from the 
mother until they were protected by the BCG vaccination. Therefore, they 
were placed in children’s welfare institutions for relatively long periods, 
depriving them of their mother’s care. 

The reaction of these infants to vaccination is also of considerable theore- 
tical interest. The observed difference may be explained by a humoral factor 
(viz., an antibody). The antibody, which is measured by Middlebrook-Dubos’ 
reaction, does not seem to pass the placenta (Fig. 1), unlike the great majority 
of other antibodies (VAHLQUIST, LAGERCRANTZ and NORDBRING). Similar results 
were recorded by GERNEZ-RIEUX and TACQUET, and BRAY, KARIGER and 
Urnarn (quot. GERNEZ-RIEUX and TACQUET). The tubercle bacillus is very 
coniplex from an antigenic point of view, and a complete investigation of the 
role of the humoral factors in this connection would include the employment 
of « large number of antibody-antigen reactions. For some of those the tech- 
nical facilities are as yet lacking. 

As mentioned above, the tuberculin response is an unreliable gauge of 
immunity to tuberculosis. Serologic methods should be more satisfactory. 
The antibody response, as measured by the Middlebrook-Dubos’ reaction, is 
retarded in infants, as demonstrated in several previous publications (PETER- 
SON, LAGERCRANTZ, ROLLOF and LIND; LAGERCRANTZ, PETERSON and LIND; 
LAG °RCRANTZ and ENELL) and cannot be used to estimate the immunity 
agai st tuberculosis. New methods of examination must be elaborated in 
ord«» to decide whether the retarded tuberculin allergy in children of tuber- 
culos mothers is actually a manifestation of retarded late immunization. 

T is delay in response to active immunization is, however, probably due 
'0 } \ssively transferred immunity. Infants of mothers with immunity to 
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diphtheria react less rapidly and less strongly following immunization t) 
diphtheria than children without passively transferred antibodies. 

STROM (personal communication) has examined the spread of radioacti\« 
labelled BCG vaccine in patients with different degrees of immunity to tubs 
culosis. The spread of intracutaneously injected BCG vaccine is delayed in 
tuberculous and tuberculin-positive individuals and in cases repeatedly vav- 
cinated against tuberculosis but still tuberculin-negative. In preliminary 
studies StrOm has also shown that a newborn vaccinated at birth has a tend- 
ency to localize the BCG vaccine even before becoming tuberculin-positive. 
Further studies will show whether this method gives a more accurate estima- 


tion of the immunity. 


Summary 


The antibody against the polysaccharide-fraction of the tubercle bacillus, 
as measured by the Middlebrook-Dubos hemagglutination reaction apparently 
does not pass the placenta. Accordingly, it cannot explain the considerably 
more retarded tuberculin allergy after BCG vaccination in infants of tuber- 
culous mothers than in other children, as shown in large series. 
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From the Medical Department, the Children’s Hospital, Gothenburg, Sweden. 
(Head: Professor Y. AKERREN.) 


A Characteristic Physiognomy, Resembling that Encountered 
in Cushing’s Syndrome, Observed in Newborn Infants of 


Diabetic Mothers 


by Y. AKERREN 


Particular attention is being paid to newborn infants of diabetic mothers 
both for theoretical and practical reasons, one of the reasons being the high 
mortality among these infants. They receive, therefore, particularly careful 
attendance. Attempts have also been made to explain the cause of this excess 
mortality but the problem is as yet unsolved. Endocrine factors, among 
others, seem to be of significance in the deviations from normal shown by 
these infants. The clinical observation, accounted for in the following, may 
serve to throw light upon the role played by the endocrine factors from a 
point of view which is to a certain extent new. 

For several years I have been struck by a characteristic habitus in these 
infants. This holds particularly true of the face which presents a peculiar 
physiognomy. This may most simply be described by calling the attention to 
two components: the one related to the configuration, the other to the colour. 
The face‘is strikingly round with marked ballooning of the cheeks. Very soon 
after delivery, extremely pronounced reddening of the skin appears. Those 
two elements, the marked ballooning of the cheeks and their crimson colour, 
produce a physiognomy suggesting the term tomato face. Frequently, quite a 
marked hair growth, particularly in front of the ears, appears in addition. 
The body, too, is rounded and vividly red although not so strikingly as the 
faci 

Ii may be presumed that the rounded forms in general and the rounded 
con'iguration of the face are expressions of that macrosomia which charac- 
terives newborn infants of diabetic mothers. A certain degree of oedema also 
seers to play an important part. The reddish skin may be regarded as an 
ext: ordinarily marked and prolonged form of that erythema which normally 
ap}.-ars in the majority of newborn infants; it persists frequently during the 
ent ¢ first week of life and in quite a number of cases it continues during the 
id week of life also. 
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Discussion 


This tomato face which more or less pronouncedly is present in these i:- 
fants, naturally gives rise to the question whether similarities other than ‘n 
the purely external appearance may be revealed between the newborn in- 
fants and the Cushing syndrome, where the tomato face is known to be tlie 
most characteristic feature. First and foremost it must be pointed out that 
the tomato face in the newborn infants rapidly becomes normal while thie 
Cushing physiognomy, as a rule, is due to a chronic pathological condition 
and therefore persists. This lack of conformity is not surprising. It must be 
taken into account that particularly in newborn infants, dynamic conditions 
are highly active. Above all, this holds true of conditions which are connected 
with endocrine influence from the maternal organism during the foetal 
period. The existence of such an influence seems first to have been demon- 
strated by MILLER. Previously it was assumed that the macrosomia in thie 
newborn infants of diabetic mothers was caused by hyperglycaemia. MILLER 
was able to show that macrosomia is frequently present in newborn infants 
born by women who did not develop diabetes until later. WHITE and her co- 
workers have reported a high incidence of low oestrin and high serum prolan 
levels in pregnant diabetic women. 

The investigations on experimental animals, presented by HULTQUIST, 
are of great interest. He produced diabetes in pregnant rats by pancreatec- 
tomy. Frequently, the foetuses were of giant weight and this frequently in «s- 
sociation with hydrops. The endocrine organs of these giant offspring dis- 
played characteristic changes, chiefly in the form of hyperplasia of the adrenal 
cortex, testes, parathyroids and pineal body. In the hypophysis, the posterior 
lobe was enlarged while there were only qualitative changes, chiefly consisting 
in an inerease of the chromophilic and particularly the basophilic elements, 
in the anterior lobe. HULTQUIST presumes that both the changes in the en:o- 
crine organs of the young and the giant growth not only may be connected 
with one another but also may be the result of some influence, probably of 
hormonal nature, emanating from the diabetic mother. The considera!le 
modification observed in the experimental diabetes during pregnancy was )y 
HULTQUIST assumed to be due to the changes resulting from pregnancy in 
the endocrine organs (the hypophysis) of the mother, either alone or in «0- 
operation with other factors. HULTQUIST, LINDGREN and DALGAARD found 
among other things hyperplastic suprarenal glands in full term, stillborn -n- 
fants of diabetic women. HULTQUIST and BARTLEY have also begun an ‘n- 
vestigation of the anterior lobe of the hypophysis in newborn infants of « \a- 
betic mothers and compared the cell distribution with that in newborn -1- 
fants of mothers not suffering from diabetes. The hypophyses from infant. of 
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diabetic mothers so far examined (only 3 in number), show the following 
average cell distribution: chromophobic 56.0 per cent, eosinophilic 21.5 per 
ceiit and basophilic 22.5 per cent. In the 10 control cases, the cell distribution 
was the following: chromophobic 74.4 per cent, eosinophilic 15.8 per cent and 
basophilic 9.8 per cent. Although the series is small and insufficient for statis- 
tical analysis, it indicates very definitely that chromophilic cells in general 
and basophilic cells in particular are increased in number in newborn infants 
of diabetic mothers. 

The endocrine changes in Cushing’s syndrome are known to vary particu- 
larly. The most common changes seem, however, to be increase in the num- 
ber of basophilic cells in the anterior lobe of the hypophysis (frequently 
giving rise to adenoma formation) and hyperplasia of the suprarenal cortex. 
It seems thus justifiable to say that the external appearance, the Cushing 
physiognomy in newborn infants of diabetic mothers, is accompanied by changes 
in the endocrine organs, closely resembling those observed in Cushing’s syndrome. 

The clinical observation, presented in the present memorandum, thus tends 
to speak in evidence of the conception that the special features, characteristic 
for newborn infants of diabetic mothers, are mainly endocrinologically con- 
ditioned. Probably, they are to a great extent of a transient nature. It should 
be very interesting to study the endocrine conditions in vivo in these infants, 
e.g., in view of the excretion of 17-ketosteroids ete. 


Summary 


The author describes a characteristic habitus in newborn infants of diabetic 
mothers. The physiognomy is particularly striking and merits the designa- 
tion tomato face, thus resembling that encountered in Cushing’s syndrome. 
A tabulation of data from the literature, particularly HULTQUIST’s investiga- 
tions, shows that changes in the anterior lobe of the hypophysis and in the 
suprarenal glands, resembling those observed in Cushing’s syndrome, occur 
in foetuses of experimental animals with diabetes and in infants of diabetic 
mothers. The observation is thus evidence of the conception that endocrine 
disturbances are of decisive significance for the development of those special 
features which characterize newborn infants of diabetic mothers. 

' since the above was written, I have learned that HoeET in a lecture has employed the 
term “Cushing children’”’ about newborn infants of diabetic mothers (wide BJORKLUND, S.-I., 
‘s of diabetic mothers, Nord. med. 49: 582, 1953). 
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A newborn infant of a diabetic mother at the age of 
about 24 hours. 


Fig. 1. 
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lig. 2. The same infant as in fig. 1., at the age of 10 days. 
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From the University Pediatric Clinic, Rikshospitalet, Oslo, Norway. 
(Chief: Professor L. SALOMONSEN.) 


The Indications for the 


Kxchange Transfusion in Morbus Hemolyticus Neonatorum 


by RICH. AMLIE, H. HAGELSTEEN and LEIF SALOMONSEN 


Most of those, whose opinions matter, agree that exchange transfusions 
give better results in morbus hemolyticus neonatorum than simple trans- 
fusions. The dissimilarity of the groups of patients compared makes evaluation 
difficult. At the time when simple transfusions were the only treatment the 
disease was relatively seldom recognized. Only the serious cases came under 
treatment. At the same time as the introduction of exchange transfusions a 
continuously expanding Rh-control of pregnant women was taking place and 
the diagnosis was improving. An increasing number of patients were being 
treated, including less serious cases. In consequence the results of treatment 
were improving which may have flattered exchange transfusion. 

The only attempt comparing the two methods of treatment in two identical 
groups of patients was reported by MOLLISON and WALKER. Their conclusion 
decidedly favours the exchange transfusion. This view is, however, not so 
unanimously accepted and a further contribution to the elucidation of the 
question is not uncalled for. 


Material 


In our clinic 272 patients with morbus hemolyticus neonatorum due to 
Rh-incompatibility were admitted in the period 1946—1953. As is seen from 
Diavram 1 the number of patients has been increasing since 1950. This can 
be explained by the increasing chance of the disease being suspected before 
birt!), and admission to hospital arranged. Mild symptom-free cases are also 
beins admitted to hospital now immediately after birth. As a rule, before 
1950. only patients with manifest clinical symptoms were admitted—often 
only several days after birth. In 1946 the average age on admission was 41/, 
day 

T catment.—Of the 272 patients, 41 received no transfusion treatment, 
par’ v because they showed so slight symptoms that a transfusion was con- 
side ed unnecessary, partly because they presented with so serious symptoms 
tha’ treatment was considered futile. 
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80 
Ee NUMBER OF DEATHS 


70 4 


60 4 


50 > 


40 4 


20 4 


1946 1947 1948 1949 1950 1951 1952 1953 


Diagram 1. Number of cases with morbus hemolyticus neonatorum admitted to the child 
department 1946-1953. 


61 patients were treated with one or more simple transfusions, partly « 
simple transfusions, partly late ones on account of the development of ane 

Since 1950, early simple transfusions have more and more been replace 
exchange transfusions. 170 patients received this treatment. The exch 
was performed through the umbilical vein with Diamond’s technique, th: 
with the open method. 450—500 ml citrated blood was given, followe: 
penicillin injections. As a rule the exchange was performed as soon as 
sible after birth. 

Mortality (Table 1).—In the first heterogeneous group 6 out of 41 pat 
died in the newborn period. Nine of the 61 patients treated with simple t 
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EXCHANGE TRANSFUSION IN MORBUS HEMOLYTICUS NEONATORUM 


stillbirths 


' TABLE 1 
Infants dead from morbus hemolyticus neonatorum. 
| Mother Infant 
| Case Anti- 
| | No. | Previous pregnancy Sasi Hb | Retic. | Treat- —_— Post-mortem 
| or blood transfusion| % % ment findings 
| titer 
| 1 |1 living. Vit. cord. | 4/1024; 95] 12 Progressive jaundice | Erythroblastosis 
| cong. and anemia. Convul- | Kernicterus 
i | 1 stillborn sions. Expired 3rd day. 
| 1 living and well 
|| 2 |2 spont. abortions 100} 20 B.W. 3350 g. Progres- | Erythroblastosis 
1 living and well sive jaundice from Ist | Kernicterus 
day. Expired 2nd day. 
3 | 3siblingslivingand} 0/2 | 105 B.W. 3520 g. From | Erythroblastosis 
well 2nd d. progressive jaun-| Kernicterus 
dice. Cyanosis. Convul- 
| sions. Expired 4th day. 
4 | 6siblingsliving 0/2 | 155 6 B.W. 2630 g. Progres- | Erythroblastosis 
well 2 sive jaundice. Cyanosis. | Kernicterus 
| sibling anemic and é Expired 4th day. 
jaundiced. Expired 
13th day 
5 | 1 sibling living and 115] 15.5 B.W. 3350 g. Progres- | No post-mortem 
well sive jaundice and ane- | examination 
| died 6 mo. old mia. Hb 3rd day 65 %. 
Expired 3rd day. 
6 | 1 spont. abortion 0/64 80 B.W. 3560 g. Pallor, | Erythroblastosis 
| died 1} y. old edematous. Not jaun- | Necrosis of liver 
2 living and well diced, but bilirubin | Generalized 
| expired 2nd day, 14.6 mg%. Expired be- | edema 
jaundiced fore transfusion started. 
2 stillbirths 
7 stillbirth 60 B.W. 3100 g. Edema- | Erythroblastosis 
expired 3rd day 2 . |tous and jaundiced. | Fetal hydrops 
= | Expired 36 h. 
8 sibling living and 105] 14 2 @ | Delivered by Cesarean | Erythroblastosis 
& 
ell 3 = | section 4 weeks before | Fetal hydrops 


term. B.W. 2600 g. Jaun- 
diced. Expired 48 h. 


Kernicterus 
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Table 1 (cont.). Table 
Mother Infant | 
No. | Previous pregnancy Hb Retic. | Treat- Post-mor em No 
or blood transfusion biter % % ment findin; | 
—) 
| 
9 1 sibling living and 86 7 B.W. 1980 g. Trans- | Erythroblastosis} | 17 
well ferred from another | 
hospital at 48 h. Drowsi- | 
ness. Cyanosis. Expired | 
4th day. | 
| 18 
10 3 siblings living and 89 B.W. 4450 g. Pallor, | Erythroblastosis} | 
well, | of them jaun- hepatosplenomegali at | Kernicterus | 
diced from 2nd day birth. Jaundiced from | 
2nd. Convulsions. Ex- | 
pired 2nd day. 
1] Twins living and 125 lee B.W. 3360 g. Progres- | Erythroblastosis 
well » |sive jaundice. Expired | Kernicterus 
2 siblings expired 5 3rd day. | 
3rd _d., 1 of them 3 | 
jaundiced r 
| « 
12 1 sibling living and | 32/64 60 ° B.W. 3500 g. Edema- | Erythroblastosis | 
well = tous, progressive jaun- | Fetal hydrops | 
* dice suggilations. Ex- rr 
pired 2nd day. ) | 
13 1 sibling living and | 64/512] 100 - B.W. 2840 g. Progres- Erythroblastos} | 
well sive jaundice. Fed Fetal hydrops ||.) 
poorly. Convulsions. | ~ 
expired 36 h. 
14 1 sibling living and | 0/1024] 112] 14 B.W. 3700 g. Progres- | Erythro}h \:stos | 
well sive jaundice and ane- | 
Blood transf. Rh + mia. Expired 5th day. | 
blood 3 years before aaa 
this pregnancy 
15 | 1 sibling living and| 0/36 | 150 8 B.W. 2780 g. Progres- | Erythrol ists) fus 
well sive jaundice. Convul- wae 
sions. Expired 4th day. the 
pat 
16 | 1 sibling living and | 32/512] 143 9 & 8 B.W. 3440 g. Slight | Erythro! astos: the 
well 3 2 jaundice. Fed poorly, | Kernict« 1s #e 
1 stillbirth % é cyanosis. Expired 2nd ( 
1 abortion ™ 5 | day. aft 
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Mother Infant 
Anti- 
Previous pregnancy Hb | Retic. | Treat- : Post-mortem 
or blood transfusion] ;., * % % ment findings 
titer 
1 sibling living and 37 10 B.W. 3440 g. Slight | Erythroblastosis 
well jaundice. Hb 1 h. post 
partum 37%. Expired 
3rd day. 
2 siblings living and | 8/256] 115 Us B.W. 3400 g. Slight | Erythroblastosis 
well jaundice. Suddenly de- | Hydrothorax 
3 siblings died from veloped rapid respira- 
m.h.n, tion. Expired 20 h. 
2 siblings living and] 2/32 98 B.W. 3560 g. Slight | Erythroblastosis 
well | jaundice 2 h. p. p. but | Air embolism 
|bilirubin 10.4 mg%. 
| Respirated poorly and 
& |expired 4 h. during 
~ |exchange transfusion. 
2 siblings living and 62 & |B.W. 3250 g. Progres- | Erythroblastosis 
well % |sing jaundice, edema-| Fetal hydrops 
2 stillbirths | tous. Expired 28 h. 
sibling living and | 512/ 76 B.W. 3500 g. Progres- | Erythroblastosis 
| well 1024 sive jaundice. Convul- | Fetal hydrops 
| sions. Expired 3rd day. | Cereb. hemorrh. 
|2 abortions 2 and 4 34] 14 B.W. 3550 g. Trans- | Erythroblastosis 
months ferred from another | Kernicterus 


hospital at age 2 days. 
Hb 34. 


dice. Bilirubin 25 mg%. 


Severe jaun- 


Kxpired the same day. 


fusions died of morbus hemolyticus neonatorum. Ten of the 170 infants given 
inge transfusion died in the newborn period. The cause of death in 3 of 


the: last cases was probably not their morbus hemolyticus neonatorum (1 
pat ont with a vit. cordis, 2 patients with hyaline membranes). Excluding 
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deaths in 170 patients, i.e., a mortality of slightly above 


account of the heterogeneousness of the groups of patients before and 
1950 the results do not permit a comparative evaluation of the use of the 
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exchange transfusion in relation to simple transfusions. The only conclusion 
to be drawn is that the mortality in morbus hemolyticus neonatorum is low 
when the exchange transfusion is performed early in a clinic where a we'll 
established technique is practised. 

Follow-up of the surviving patients.—To determine the frequency of brain 
damage in the surviving patients we have tried to follow up those child:en 
now 11/, years of age or more—in all 177 cases. Five of these had died. \Ve 
got in touch with 156 of the others; amongst these 20 received no treatment, 
35 were treated with simple transfusions and 101 with exchange transfusions. 
In 10 cases cerebral sequelae were found, probably caused by kernicterus or 
other brain damage in connection with the child’s morbus hemolyticus neo- 
natorum (Table 2). 

The figures are too small for any definite statistical conclusions. In con- 
sideration of all facts these figures convey the definite impression, however, 
that the patients who have been treated with exchange transfusion are less 
susceptible to cerebral sequelae than the others. 


The Indications for Exchange Transfusion 


We have used the following indications for exchange transfusion in our 
group of patients: morbus hemolyticus neonatorum in an older brother or 
sister, prematurity, icterus, edema or hemoglobin values below 105—110 
per cent at the time of birth. Repeated exchange the second day after birth 
has been performed when the serum bilirubin values increased to above 20 
mg per 100 ml. 

Lately a reticulocyte count above 10 per cent during the first 24 lirs. 
(PICKLES) has also been an indication for exchange. Table 1, recording ‘he 
deaths, confirms that high reticulocyte values mean a strong hemolytic 
process and accordingly a poor prognosis. 

We have started investigations to find out if the determination of ‘he 
serum bilirubin values in the mother before delivery gives similar progno-tic 
indications. Should it be so that the bilirubin content in the fetus prior to ‘hie 
delivery is transferred into the mother’s blood circulation, a determina‘ on 
of the content in her blood might possibly give an indication of the seve:'ty 


of the disease in the child. 

The indications given for exchange transfusion have, however, onl: a 
limited value. A fatal result occurs not rarely in patients whose sympt« 1s 
do not conform with the indications and who for that reason have not b. en 
treated with exchange transfusion. The disease may thus often have a ser’ 11S 
course in spite of the hemoglobin values at birth being above 15.5 g per 0 
ml (105 %), the value considered as the critical borderline (MOLLISON © id 
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(i rBUSH). This is admitted in a later work by ARMITAGE and MOLLISON 
(1953). 

The difficulty in finding definite prognostic criteria and in drawing up 
definite indications for transfusion may allow a more liberal attitude con- 
cerning the indications than the one we have taken. The question arises: 
Does the exchange transfusion in itself represent any danger to the child? 

We have in our group of patients one death from air embolism in connection 
with this treatment. The cause was probably that the catheter had slipped too 
far in with the point in vena cava. The negative pressure here may have led 
to air being sucked in when changing the syringes. This complication ought 
to be avoided by not introducing the catheter further than 5—7 em and 
furthermore by attentive supervision. 

We have not met other complications: no perforation of the umbilical vein, 
no sepsis, no tetany caused by the use of citrated blood. The reduction of 
body temperature in the child which may accompany the exchange treatment 
can be avoided by placing the child on an electric heating pad. 

Experience has shown us that exchange transfusion performed by a well- 
trained staff is accompanied by very slight risk and discomfort to the child. 
This must influence our future attitude to treatment. It cannot be correct to 
withhold treatment considered extremely effective, when this treatment is 
practically without danger to the child. We do not thereby consider exchange 
transfusion necessary in all erythroblastotic children. But since one has no 
certainty that the disease may not take a serious turn even if it at first ap- 
pears mild, one should in our opinion be considerably more liberal in deciding 
the indications than has been the case hitherto. 


The Centralization of the Treatment 


In conclusion we wish to emphasize that treatment with exchange trans- 
fusion should not be carried out in every hospital, but that it should be 
centralized in certain special hospitals, where the staff are well trained, so 
that the course of the transfusion should be free of complications. 


Summary 


O! 272 patients with morbus hemolyticus neonatorum due to Rh-incom- 
pati 


lity, exchange transfusion was performed in 170 cases. In these cases 
the . .ortality was 4 per cent in the newborn period. Only 2 of 101 patients 
show -d cerebral damage on later investigation. On account of the great 
ther peutic value of the exchange transfusion and because of the slight risk 
whic, this treatment involves, a more liberal attitude to the method than has 
hith: been practised is advised. 
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From Prof. Ariztia’s Pediatrie Clinic, at the Luis Calvo Mackenna’s Childrens 
Hospital, Santiago, Chile. 


The Feeding of Premature Infants 


by ANIBAL ARIZTIA, JORGE E. HOWARD, MANUEL ASPILLAGA 
and SERGIO JARPA 


The feeding of premature infants still remains a problem for the pediatrician 
and the general practitioner as no set rules exist either in the pediatric 
literature or among the different Premature Centers. The type of the feedings, 
the onset, the amounts, etc., give rise to different opinions. For some, HEss, 
WALLGREN, YLPPO, ROMINGER (8, 13, 14, 11), breast milk continues to re- 
present the ideal food, as it also was for the old clinicians, CZERNY-KELLER 
(3), FINKELSTEIN (5); for others, diluted cow’s milk formulas with added 
carbohydrates, would appear to be more adapted to the physiological require- 
ments of prematures as maintained by DUNHAM, GORDON and LEVINE, 
ANDERSON, and others (4, 6, 1, 10). Differences of opinion are also to be 
found as to the moment when feeds should be initiated: a total fasting period 
of 24, 48, and even 72 hours is considered essential by some authors, while 
others consider this dangerous, and 12 hours after birth start giving glucose 
solutions, to continue afterwards with the prescribed milk formulas. 

The differences of opinion about the total calorie intake of prematures 
that existed some decades ago have now largely disappeared. Previously the 
majority (VON JASCHKE (9) and others before 1925) considered that the 
calorie requirements of prematures ought to be higher than those of full- 
ter newborns due to their relatively greater body surface. At present there 
is Ali unanimous opinion, based on metabolic studies, that these infants require 
low calorie feedings, not higher than 80 to 100 calories per kilo during the 
first few weeks and less than this during the first few days. 


Material 


I; March 1953, we decided to start a Premature Center at the Luis Calvo 
Ma: senna Hospital beginning with 10 cots and gradually increasing it to its 
pre nt capacity of 40. These are distributed in 9 wards of 5 beds each, sub- 
div ied by glass partitions in individual open boxes. They are cared for by 
4 (.tors, one sister-in-charge, 5 staff nurses and 30 practical nurses, distrib- 
ute’ in groups of 10 that rotate every 8 hours; thus, each practical nurse 
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is in charge of 5 infants, one remaining for individual care in a given case, 
Thus, in the Center 40 persons look after 40 prematures. One of the rooiis 
is keptas an isolation for prematures who develop infections while in 
hospitai, and in another room we have 4 Armstrong incubators and oie 
Emerson infant-size resuscitator, which is generally also used as an extra 
incubator. 

When we first started working, we received all prematures that were 'e- 
ferred to us, either from the adjoining Maternity Hospital or prematures 
born at home, regardless of age, as long as their weight was under 2 kg, 
Experience taught us in a short time that this undiscriminating policy broug|it 
with it the risks of infection with the possibility of spread to the other babies. 
Since July 1st, only prematures born in one of the two nearby Maternity 
Hospitals are admitted, transported in portable incubators, in most cases a 
few hours after birth. 

The creation of this Premature Center was deemed necessary so as to train 
competent personnel in the care of prematures who would later be trans- 
ferred to the maternity wards of this city and later of the entire country. 
Until recently prematures were considered of secondary importance in the 
different maternity wards and were generally only supervised by a pedia- 
trician, the actual care remaining in the hands of the midwives. Among the 
hospital population in Santiago, prematures represented 9.3 per cent of all 
live births, and one fifth of the neonatal mortality; this, according to recent 
statistics, is approximately half of our infant mortality of 132 per thousand. 
These figures demonstrate the importance of improving the care of premature 
infants by first training in a Premature Center both doctors and nurses. 
These in turn will eventually work in all hospitals where prematures «re 
born. 

We believe it is important to give these brief data on the functions of our 
Center, so as to judge the results of any feeding schedule in infants, «nd 
especially prematures. One should not only know the type and technijue 
of feeding employed, but also the hygienic conditions and environment in 
which they are. It is too well known that infections reduce the nutritional 
tolerance of infants and prematures. Many forms of diarrhoea that lead to 
death, some of epidemic character, cannot be attributed to the quality of 
the food as much as to contaminations either of the food itself or by ot :er 
means. Our own experience has shown us even in the short period of «1 
year that by combating infections with the greatest strictness in the hygie Vic 
conditions of the wards, by insisting on the greatest asepsis in the hand. 1g 
of the premature, and by improving the training of our personnel, we |) ve 
greatly lowered the mortality and morbidity, especially diarrhoea, wit! ut 
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TABLE 1 


I. Feeds under 1000 g, by polyethylene catheter. 


201 


3rd 
{th 
5th 
6th 
ith 
Sth 
9th 
10th 


12th 


13th 


l4th 


Ist 24 hrs. 
2nd day 


” 


” 


Nothing 

10 * 3 ce skim. breast milk 
10x4 cc ,, 
10x6cc_ ,, 
10x8ce 

10 < 10 cc half skim. breast milk 
10x 12cc ,, 
10x 12ce ,, 


plus 2 g protolyzate in 30g 
of water with 6% dextro- 
maltose 
10 * 15 ce half skim. breast milk 
plus 2 g protolyzate in 30g 
of water with 6% dextro- 
maltose 
10 x 15cc half skim. breast milk 
plus 2g protolyzate in 30g 
of water with 6% dextro- 
maltose 
10 15 cc half skim. breast milk 
plus 2 g protolyzate in 30g 
of water with 6% dextro- 


maltose 


Total Alb. Fate Carbo- we 

ee hydrates 

30 - - - 10.5 
40 = 14 
80 1.2 5.6 28 
100 1.5 — 7 35 
100 1.5 1.9 7 52 
120 1.8 2.2 8.4 62.4 
120 1.8 2.2 8.4 62.4 
120 1.8 2.2 8.4 62.4 
150 3.8 2:2 10.4 77 
180 4.2 2.8 12.4 93 
180 4.2 2.8 12.4 93 
180 4.2 2.8 12.4 93 


Feeding routine 


We have established a feeding routine from the first day of life until the 14th day, 
Which, while keeping the same general principles, varies according to the different 
weights. Although we try to adhere to it strictly, there are times when according 
‘ individual characteristics of the premature, modifications are necessary. 

Te basis of this feeding routine is as follows: the use of breast milk as the basic 
ig, either skimmed, half skimmed or whole; an absolute fasting period of 24 
. during which time nothing is given by mouth; a low calorie intake under 40 
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' calories per kg during the first week, then increasing gradually to not more 


100 to 115 calories per kg in the second or third week. From the 8th or 10th 
we add a mixture of amino acids and carbohydrates (dextro-maltose) to the 
milk, so that approximately at three weeks of age they receive 4 to 6 g of 


in, 1.5 to 2 g fat and 16 to 20 g carbohydrates per kg per day. 
uen there is not enough breast milk to complete the amount prescribed we resort 


to « nixture of human milk and babeurre (Eledén), preparing this at greater dilutions 


|_| 

| 
eS 
ht | = 
ty 
a 
in | 

| 
1e 
a- | 
he | 

| 
ill | 
nt 
re 
ur 
1e 
in | 
al 
to 
of 
er 
1g 
ve 


202 


A. ARIZTIA et al. 


TABLE 2 


I. Feeds between 1000 and 1500 g. 


Ist 24 hrs. 
2nd day 
3rd_sa, 
4th ,, 
pin 
6th 

7th 
Sth 
9th 
10th ,, 
i2th 
3th .. 
14th 


Ne 
10 


10 * 
10 * 
10 


10 
10 


10 * 
10 * 


“4 ce skim. breast milk 
l0ce,, 

* 15 ec half skim. breast milk 


plus 2 g protolyzate in 30 
of water with 6% dextro- 


maltose 


x 25 ce half skim. breast milk 


plus 2 g protolyzate in 30g 
of water with 6% dextro- 


maltose 


x 25 ec half skim. breast milk 


plus 2 g protolyzate in 30g 
of water with 6% dextro- 
maltose 
< 25 ce half skim. breast milk 
plus 2 g protolyzate in 30g 
of water with 6% dextro- 
maltose 
‘25 ee half skim. breast milk 
plus 3 g protolyzate in 50g 
of water with 6% dextro- 
maltose 
“ 25 ec half skim. breast milk 
plus 3g protolyzate in 50g 
of water with 6% dextro- 


maltose . 


Total Alb. — Carbo- Calor 

ce hydrates 

40 

70 1.05 — 4.5 24. 
100 1.5 — | 35 
120 1.8 — 8.4 42 
150 2:2 2.8 10.5 78 
180 2.7 3.4 12.6 93 
200 2 3.8 14 104 
230 5 3.8 16 120 
230 5 3.8 16 120 
230 5 3.8 16 120 
230 5 3.8 16 120 
250 6 3.8 17 128 
250 6 3.8 17 12% 


(7 instead of 10 per cent), and adding carbohydrates so as to make up the al 
mentioned amounts of the different components. 

Prematures that weigh less than 1500 g on admission, or those that for any re 
have difficulty in feeding (absence of swallowing reflexes, respiratory complicati 
harelip, ete.) are fed by polyethylene nasal catheter; this is left in situ as lon 


necessary (in one case 45 days). 

The feeds are given at the beginning every 2 or 3 hours, and total 10 or 8 a 
They are then gradually diminished according to the infant’s tolerance, and us 
at the age of three weeks most of them are being fed every 4 hours, 5 times a di 
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TABLE 3 
III. Feeds between 1500 and 2000 g. 
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Ist 24 hrs. 
2nd day 
3rd_séy, 
5th 
Gth 
Sth ,, 
Sth 5; 
10th ,, 
ith 
isth 
Mth, 


Nothing . 
10 8 ce skim. breast milk 


10x10cc ,, 

10x 1l5ce ,, 

10x 18ee _,, 
10 * 20cc half skim. breast milk 
10x 25ece ,, 


plus 2 g protolyzate in 30 g 
of water with 6% dextro- 
10 * 25 ce half skim. breast milk 
plus 2 g protolyzate in 30 g 
of water with 6% dextro- 
maltose 
8 x 35cc half skim. breast milk 
plus 2 g protolyzate in 30g 
of water with 6% dextro- 
maltose 
x 35 ce half skim. breast milk 


plus 3g protolyzate in 50g 
of water with 6% dextro- 
x 40 ec half skim. breast milk 


a) 


plus 3g protolyzate in 50g 
of water with 6% dextro- 
maltose 
8 x 40 cc half skim. breast milk 
plus 4g protolyzate in 60g 
of water with 6% dextro- 
maltose 
8 x 40 cc half skim. breast milk 
plus 4g protolyzate in 60g 
of water with 6% dextro- 


maltose 


Total Alb. Fats Carbo- Cibeiliks 
ce hydrates 
80 1.2 —~ 5.6 28 
100 1.5 35 
150 2.2 10.5 52.2 
180 at 12.6 63 
200 3 3.8 14 104 
250 3.7 4.7 17.5 130 
280 5.7 4.7 19.5 145 
280 5.7 4.7 19.5 145 
310 6.2 5.3 19.6 162 
330 6.2 5.3 22.6 166 
370 7.8 5.3 25% 191 
380 8.2 6.058 26 195 
380 8.2 6.08 26 195 


These general rules for feeding our prematures tend 
pre-ont knowledge of the characteristics of the physiology 
tha is to say: low calorie intake specially during the first few days; diminished toler- 
ane to fats with increased elimination in the stools; good tolerance and assimilation 
of « .rbohydrates; good tolerance and greater requirements of proteins after the second 
we; greater imbition of water in the tissues of the premature than in the new- 


and danger of aspiration during the first hours, thus not necessitating fluids 


to adapt the food to the 
of nutrition in prematures, 


— 


204 A. ARIZTIA et al. 


TABLE 4 


IV. Feeds over 2000 g. 


Total | tb. | Fats Calor 
2nd day 8 * 10 cc half skim. breast milk 80 1.2 1.5 5.6 42 
3rd 8x15cc ,, 120 1.8 5.6 62 
4th ,, 8x 20cc ,, 160 2.4 3 PLZ 84 
5th 8x ,, 200 3.8 14 104 
6th 30cc ,, 240 3.6 4.5 16.8 126 
8th ,, 8 35ce breast milk ... . 280 4.2 10.6 19.6 182 
9th ,, 8 x 40 ce 320 4.8 22.4 208 
10th ,, 7 x 50 ce 350 bz 13.3 24.5 220 
lith .,, 40 ce » plus 20ce 
babeurre with 5% carbo- 
420 8.1 12 40.6 253 
7 40 cc breast milk plus 30 ce 
babeurre with 5% carbo- 
13th ,, 7 x 40 ce breast milk plus 30 cc 
babeurre with 5% carbo- 
14th ,, 6 < 40 cc breast milk plus 40 ce 
babeurre with 5% carbo- 
480 10.3 11.5 36 283 


during the first 24 hours (GORDON and LEWINE, 6; HEss and LUNDEEN, 8; ROMINGER, 


11; 14; ToBLEr, 12). 


In Tables 1, 2, 3, and 4, our feeding schedules are detailed. These have been adapic 
from those recommended by MARY CRossE in her excellent book ‘‘The Premati: 


Baby” (2). We have established four different groups according to birth wei 
those under 1000 g; between 1000 and 1500 g; between 1500 and 2000 g, and fin 
those larger prematures with a birth weight over 2000 g. In the smaller groups, 
are started with skimmed breast milk, while in those with a greater birth wei: 
half-skimmed breast milk, with a fat content of 1.8 g per cent, is employed. Gradu 
this is changed to whole breast milk or to mixed feedings with babeurre, and on aly 
the 9th day amino acids are added. 

When it is necessary to resort to mixed feedings, or generally during the t! 
week of life, breast milk is substituted by babeurre (Eled6n), modified so that inst: 
of using the ordinary 10 per cent dilution, we only mix 7 g of powdered Eled6n, 
every 100 cc of water, and add to this dilution 4 g¢ of dextro-maltose and 3 g of su 
per cent; thus these feeds will have the following composition: 2 g of protein, 0 
of fat and 9.5 g of carbohydrates per 100 cc. After the third week we usually 0 
the infant 200 ec of this formula, with added amino acids, per kg of weight. 
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CHART I 
Mortality figures 
Cases Mortality 
Total % Total % 
Birth weight 
Wunder 1000'S... 8 3.7 8 100 
1000-1500 ... 39 18.4 26 66 
1500-20002 . 116 54.9 21 17 
over 20000 . . . « 48 22.7 14.5 
Total 211 — 62 29.3 
Condition on admittance 
Total 211 62 29.3 
Aye on admittance 


Results obtained 

From July 1st, 1953 to February 1st, 1954, 211 prematures have been 
admitted to our Center, and in Chart I the birth weight, condition and age 
on admission are analyzed. Their condition on admission has been classified 
as good, fair or bad, according to the general impression gained after studying 
their temperature, breathing, presence or absence of cyanosis, infections, ete. 

Of these 211, 62 died, giving a total mortality of 29.3 per cent. This is 
also analyzed in Chart I, where the influence of birth weight and especially 
the conditions of the premature on admission are shown to be of the greatest 
importance, i.e., in those classified as in bad general condition, the deaths 
were 4 times more numerous than the survivals, as compared to those in 
goo general condition where the survivals were more than 11 times the 
huniver of the deaths. 

Tis figure of 29.3 per cent total mortality is practically half that obtained 
dur'¢ the first 4 months of the Center, a period during which, besides the 
gres’ handicap of working with unskilled personnel, we accepted prematures 
refe’ ed from all parts of the city, many born at home, with no age limit on 
adn ssion, and many with severe infections. During this period we had no 
fixe feeding routines, and often were not able to obtain breast milk. 
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CHART IT 


Infections 

Children % 
Monosymptomatic diarrhoea 7 4.6 
Pharyngo-bronchitis . . .. 18 12 
Pneumonia . ¢ 6 
Hemorrhagic disease. . . .. . 5 3.3 
Hemolytic disease. ...... ‘ 2 


Under these conditions 82 prematures were admitted, 45 of which died, 
i.e., a mortality of 54 per cent. 

In Chart II we have studied the different infections present during the 
first 15 days in the 149 prematures discharged, and there is a marked pre- 
dominance of infectious type diarrhoeas, some of enteral origin, dysenteric 
syndromes, others of parenteral nature. Other prematures present simple 
diarrhoeas, the so-called monosymptomatic (L. F. MEYER), which do not in- 
volve the infant’s metabolism and do not require special therapeutic measures. 
It should be emphasized that these diarrhoeic processes were seen more often 
during the first period analyzed in this article; at present, without any changes 
in the feeding routines, but with improvement in the general hygienic measures 
and in the training of the practical nurses, they are seldom seen. 

Of the 211 prematures admitted, 48 had infections on admittance (22.7 
per cent), and 26 of these died. In these cases we used chloromycetin :s a 
therapeutic measure, giving it in the usual dosis of 50 mg per kg. Due to ‘his 
high percentage of infections on admission we are at present using «nti- 
biotics prophylactically and have noted a considerable drop in the incid: nce 
of infections and therefore in the death rate. 

To judge the weight increase, and to have a good index of the premati'e'’s 
general development, a Holt’s chart is prepared for each infant. In our !49 
survivors, 65 per cent had normal Holt weight charts while the other 35 per 
cent were under normal, in most cases attributable to intercurrent infect! \15, 
especially enterocolitis (Table 5). 


Commentary 


The use of our fixed feeding routines according to birth weight and ge, 
has shown us the many advantages of having these in charts for the u © of 
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TABLE 5 


Holt’s chart. 
0 10 20 30 40 50 


wt AL LY 
174 


2000 2 000 
Birt h 1900 V4 
weight 
1 750 1 750 
V4 Below 
f a normal 


1500 A 4 1500 increase 
Birth 1300 
weight ind 
1250 1 250 
1 000 1 000 


750 Fa 750 


both doctors and nurses, as they simplify the prescription of the feeding and 
at the same time permit us to have a completely homogeneous material from 
whic! to analyze our results. As in any fixed plan in Medicine, it has to be 
moditied occasionally to suit the individual characteristics of a given case, 
and ‘1 our Center these slight changes in the routines are allowed but only 
with the chief physician’s permission. It sometimes happens that due to 
over or under average increase in weight, the feeding prescribed according 
to th» routine might remain above or below that necessary for the infant’s 
Wei’ , and then the physician must judge if a reduction or increase in the 
feedi ¢ is warranted. Generally the feeding is not increased if the premature 
bab) has a satisfactory weight gain, as our principal rule in feeding is to 
obta:: the greatest weight increase with the lowest calorie intake; but, 
espe ally after the third week, the food might be reduced if in cases of 
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insufficient weight gain or actual losses of weight, one suspects that ‘he 
limit of the premature’s nutritional tolerance has been surpassed (simila: ity 
to the dystrophic infant, ROMINGER). 

An advantage of the use of our feeding routines is that, in the future, we 
will be able to simplify them and thus have a homogeneous group as a busis 
of comparison with other feeding plans. 

We have observed no deleterious effects — on the contrary, only advantives 
—by abstaining from administering fluids or feeds in the first 24 hours of 
life. The same applies to the small amounts of feeds given during the first 
few days, without added extra fluids, as we have not observed great weight 
losses or dehydration; and what is further of great importance, we have not 
been troubled by regurgitation, vomiting, edema or feeding problems. Our 
prematures do not reach the fluid requirements of 150 ce per kg until ap- 
proximately the 8th or 10th day, and also during this period the calorie 
intake is of course under that considered as of maintenance. Nevertheless, 
with this diminished fluid and calorie intake the weight curves do not show 
great losses, and, as mentioned above, 65 per cent of our infants regain their 
birth weight in a period compatible with Holt’s chart. 

In our opinion, the use of skimmed or of half skimmed breast milk during 
the first days has greatly contributed to the better digestive tolerance of our 
premature babies. 

Amino acids were added in all cases on the 8th or 10th day according to 
the established routine, so that after the third week the total amount of 
protein the premature receives varies between 4 to 6 g per kg. This has heen 
well tolerated, and it is our opinion (based only on clinical impressions, as 
we have not yet done metabolic studies) that it contributes to the better 
weight increase. 

We have usually prescribed mixed feeds after 15 days of age, for t/iose 
that at this age weigh over 1600 g, and after 25 days of age all our premat ures 
are fed artificially. At the beginning we used babeurre (Eledén), at the sual 
concentrations, but frequently we observed anorexia, vomiting, flat weight 
curves and white fatty stools. This led us to the use of this babeurr., at 
concentrations of only 7 per cent with added carbohydrates as has alr-ady 
been mentioned. We also use it, either to replace breast milk, in which «ase 
it replaces equal volumes, or as complete feeds in the premature over 25 ‘ays 
to whom we give 200 ce of this formula per kg. Even used in very » nall 
prematures we have not had complications. 

Notwithstanding the relatively high percentage of cases of diarrhoea 19.2 
per cent) in our material, we attribute these exclusively to infections and 
not to alimentary factors. When these diarrhoeas involve the metabo sm, 
that is to say, when we are dealing with acute nutritional disturbance:. we 
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resort to the usual measures of withholding feeds for a period of 8 or 12 
hours, during which time only water is given, followed by progressively in- 
creasing amounts of either breast milk or babeurre, associated with chloro- 
mycetin, measures with which in most cases a rapid improvement is obtained. 

Regarding the relatively high death rate (29.3 per cent) and morbidity in 
this series, compared to foreign statistics (which are much below the national 
ones), we believe that in part they can be explained by the high proportion 
of already infected infants admitted to the Center. In spite of this, the 
development of the survivors is good, as 65 per cent adjust themselves to 
Holt’s schematic curves. 


Summary 


The operating of a Premature Center, installed in a children’s hospital, 
which forms part of a Medical Unit together with a large Maternity Unit, 
is described. The feeding routine used in 211 prematures admitted in a 7- 
month period is studied. Schematically this routine is the following: initial 
complete fasting period during the first 24 hours of life, followed by small 
fractionated feeds, 8 or 10 a day, of either skimmed or half skimmed breast 
milk, with added amounts of amino acids after the 9th day. The feeds are 
gradually increased in volume and decreased in frequency, so that by the 
third week the prematures only receive 5 meals in the 24-hour period. The 
calorie intake during the first week is under 70 calories per kg and after- 
wards never exceeds 100 or 115. To replace human milk, babeurre at greater 
dilutions than usual is used, a preparation that supplies 53 calories for every 
100 ce, and is composed of 2 g of protein, 0.8 g of fat and 9.5 g of carbo- 
hydrates per cent. After the third week, 200 ce of this formula, with added 
aminoacids is given. Thus the premature receives 4 to 6 g of protein, 1.5 to 
2 ¢ of fat, and 16 to 20 g of carbohydrates per kg per day. 

The results obtained are analyzed, revealing a 29.3 per cent death rate, 
which, although high, is lower than those registered for a similar group in 
the different maternity hospitals of this country. This high figure is explained, 
besiles the fact that admission is restricted to prematures under 2000 g at 
birt: (accepting only complicated prematures over this weight), by the un- 
favo irable general condition of these prematures on arrival. Of the survivors, 
65 »or cent adjust themselves to Holt’s schematic curves. 
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Sur les nouvelles méthodes de traitement dites par hiberna- 
tion et déconnexion en pédiatrie 


par J. CATHALA 


La pharmacologie expérimentale, représente une des novations les plus 
étonnantes de la médecine. Elle induit 4 envisager la clinique et la théra- 
peutique de tous les jours, sous un angle physio-pathologique tout nouveau. 
On ne pense plus les maladies suivant la nosologie anatomo-clinique ou 
étiologique comme des espéces 4 la maniére des botanistes, mais on pense 
physio-pathologie, situations fonctionelles, adaptation, réaction, choc, contre- 
choc, maladie métabolique. Nul doute que cet envisagement nouveau ne soit 
le signe d’un admirable progres, et qu’il ne dispose les esprits selon l’axe le 
plus propre & en susciter de nouveaux. Mais il impose au médecin moderne 
des obligations de connaissance, de technique, de méthode, de discipline et 
de rigueur, qui risquent de passer les forces de son esprit. 

Ce langage exerce une indiscutable séduction. I] est dynamique. On ne 
décrit pas un univers figé dans des cadres immuables, mais l’équilibre mobile 
d'un prodigieux circuit de matiére et d’énergie, ot l’on sent palpiter «le 
mouvement prisonnier de la forme». Décrire un univers dynamique, c’est 
promptement la tentation, non plus de le décrire, mais de le changer, Mais 
quand on décrit, en termes anthropomorphiques, et comment autrement?... 
4 l’échelle du tout des faits d’une extréme complexité, et d’ailleurs indisso- 
lublement reliés par des intercorrélations réversibles, qui se passent au niveau 
cellulaire, bien plus a l’échelon des dissociations ioniques, le danger est de 
suivre le mouvement du langage, et logiquement d’interpréter un effet, comme 
connu, de se proposer un but comme accessible, ou de choisir des moyens 
com ne maniables, et entrant dans le jeu suivant la lettre de la théorie. C’est 
peut-¢tre le devoir du chercheur de laisser courir librement son imagination, 
puis; waussi bien tout ce qu’il crée ne vaudra que repris, critiqué, soumis a 
la discipline implacable de l’expérimentation, de la vérification et du contréle 
univ-rsel des savants. Mais le médecin qui soigne, qui n’est ni biologiste 
qua! fié, et done fixé dans ses limites, ni expérimentateur, se doit de ne point 
pen: ‘r au galop suivant une théorie qui le dépasse, tant dans ses fondements 
théc iques, que dans son détail technique, dont la vérification serait d’ailleurs 
hor: de ses prises. A son niveau, on ne pense que du général. Ce serait un 


na 
ts, 
rg. 
lk. 
W. 


212 J. CATHALA 


ela 


singulier contresens, que de voir dans cette épithéte, la garantie que | on 
pense ainsi suivant la science. On pense suivant les mots. Hibernation {uit 
fortement image, et déconnexion indique clairement le but et les moyens, 
Mais ces deux mots qui, a n’en pas douter, ont forcé lassentiment, résistero :it- 
ils, ont-ils déja résisté au mouvement alterne de la critique ? Et si les mots 
se sont perdus, doit-on, au lit du malade a tout prix, non pas chercher wn 
but tout modeste et empirique, traiter, améliorer, peut-étre guérir, mais 
hiberner, déconnecter, si telles sont, croit-on, les conditions du succés. 

Dans des circonstances d’ailleurs diverses, certains enfants peuvent, de 
facon trés brutale et trés rapide, ou de fagon plus lentement progressive, 
subir une atteinte des grandes fonctions (circulation, corrélations neuro- 
endocriniennes, régulation des équilibres, de la composition des humeurs et 
des tissus), telle que la vie soit immédiatement en danger et méme irréime- 
diablement compromise, si par un prompt secours ou un effort spontané de 
lorganisme le désordre n’est pas rapidement et définitivement compensé. 

Cet état parait beaucoup plus, au moins a ses débuts, de ordre fonctionnel 
que de l’ordre anatomique, donc en principe réparable et méme intégralement 
réparable. C’est 1a d’ailleurs, ce que l’on observe avec une régularité satis- 
faisante, si lon sait compenser le déséquilibre fonctionnel et écarter la cause 
qui a mis en ceuvre ce branle-bas. 

Or, il apparait que dans cet état, deux ordres de mécanismes physio- 
pathologiques sont plus particuli¢rement en cause et d’ailleurs associ¢s et 
interdépendants: 

—un trouble quantitatif du bilan de matiére, que les ionogrammes, tels 
que GAMBLE, DARROW, MACH, FANCONI, nous ont appris a les faire, mesurent: 

— une perturbation du commandement neurovégétatif, de la fonction de 
régulation des équilibres, qui régle la circulation fonctionelle des orgines 
(J. REILLY, RIBADEAU-DUMAS, MARQUEZY et Mlle LADET, LEVESQUE, G. 
TARDIEU). C’est le mérite de MARQUEZY et Mlle LADET, d’avoir écrit en con- 
clusion de leur rapport de 1938, sur le syndrome malin, «Ainsi, peu'-on 
espérer, grace aux progres de la chimiothérapie, trouver un médican cnt 
«sympathique» dont ’emploi au début de toutes les toxi-infections gra ves, 
empécherait apparition du syndrome malin, ou en arréterait l’évolution » 

Et depuis des années, on cherche la substance ou la technique qui, i: ‘er- 
rompant les réflexes incriminés, ferait obstacle 4 ce déchainement. 

Tout ceci se rattache aux recherches expérimentales de J. REILLY ¢ de 
son école sur le syndrome d’irritation du systéme neurovégétatif, confir: es 
et étendues aux aspects endocriniens du méme phénoméne par SELYE. 

L’une des conclusions les plus importantes de cet ensemble de travaux est 
celle qui a trait au caractére tout 4 fait général et non spécifique des répo. ses, 
provoquées par une irritation de nature quelconque, toxique, infecti: ise, 
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allergique, mécanique, physique portée directement au contact d’un des points 
sensibles du systéme neurovégétatif, irritation d’une intensité infime par 
rapport a celles qui, portées sur un autre point de l’économie, resteraient 
sans effet. 

I1 est aussi fort important de souligner que sur le plan pratique, cette 
doctrine et les méthodes de déconnexion et d’hibernation qui en découlent 
ont donné les résultats les moins contestables en chirurgie générale, en neuro- 
chirurgie, dans la prophylaxie et le traitement de la maladie post-opératoire, 
chez les choqués... De méme en chirurgie cardio-vasculaire expérimentale, 
et je n’en veux pour preuve que les beaux travaux de LIND, WEGELIUS, 
JUVENELLE au Karolinska Institutet. 

En France, c’est le trés bel effort de LABoRIT et HUGUENARD, qui depuis 
quelques cing ans, a mis au premier plan de l’actualité, tant sur le plan 
théorique, que sur le plan pratique, les méthodes d’hibernation et de décon- 
nexion. Quelle que soit ma position personnelle sur le plan de la pratique 
quotidienne, car sur le plan physiologique pur, je le reconnais bien volontiers, 
la question me dépasse complétement, je tiens 4 rendre hommage a l’élan, 
au labeur et & Vintelligence de ces chercheurs. 

Je résume en copiant leurs formules, les principes des nouvelles méthodes 
quils ont préconisées. 

«Certains agents pharmaco-dynamiques 4 action neurovégétative, s’opposent a la 
propagation et 4 l’action de Vinflux nerveux en inhibant les médiateurs chimiques 
que son fonetionnement libére ... La mise au repos du systéme neurovégétatif provoque 
la réduction du métabolisme basal ... (On peut) adjoindre a cette technique la réfrigéra- 
tion vénéralisée en vue d’obtenir un ralentissement complet de la vie celiulaire ... Le 
froid constitue une agression Vis 4 vis d’un organisme évolué comme celui de ’homme... 
Mais si les moyens de défense neurovégétatifs sont bloqués, le froid agit alors directe- 
ment sur les combustions tissulaires ... Cet organisme en vie ralentie se trouve dans 
un état que l’on peut rapprocher de celui des animaux en hibernation ... La tempéra- 
ture !a plus basse obtenue chez Vhomme est de 30°, habituellement 33° 4 35° pendant 
douz«, vingt-quatre, quarante-huit heures (1951).» 


Ly médecin habitué a penser la maladie comme une réaction, une défense, 
et bon comme un sommeil, une paralysie s’inquiéte. Il se prend & douter que 
le hui recherché puisse étre atteint, et secrétement ii se félicite qu’il ne le 
soit vas. Et cependant nul doute que du neuf, de Vefficace n’ait été obtenu, 
tout particuli¢rement, en chirurgie, en neuro-chirurgie, et dans le traitment 
du « des blessés, des traumatisés. 

L. prétention actuelle, en médecine infantile, est d’appliquer les mémes 
mét: odes aux grands ¢états neurotoxiques, au syndrome malin des maladies 
infejeuses, voire chez les nouveaux-nés et les prématurés. 

P -sonnellement, j’avoue ne pas étre sans trembler et je me demande si 
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dans Vengouement actuel il n’y a pas une grande confusion dans les idé:s, 
et des assimilations abusives entre des catégories absolument distinctes. 

-ar exemple, l’état de choc neurotoxique avec tendance au collapsus, ali ¢- 
‘ation grave de la circulation fonctionnelle dans les organes, modifications 
biochimiques profondes de l’équilibre ionique, troubles de l’équilibre aci:e- 
base : tout ceci est une situation d’ensemble, et du point de vue physio- 
pathologique, il nous semble que la thérapeutique utile, et qui donne les plus 
grands résultats, n’est pas de couper des connexions, mais de rétablir ine 
masse sanguine, des circulations fonctionnelles, de couvrir des pertes, et, le 
rein remis en fonction, d’éliminer les substances issues d’un métabolisme 
vicié, et retenues dans lorganisme. Les méthodes de réhydratation, les per- 
fusions de sérum et de plasma, les transfusions, parviennent trés bien, et sans 
recours & aucune médication neuroplégique, alors que les méthodes d’hiber- 
nation et de déconnexion, et c’est fort sage, ne se privent nullement du se- 
cours de la médication fonctionnelle du collapsus. 

En opposition a cette pathologie du tout, totius substantice, disaient les 
vieux maitres, il y a les accidents localisés qui, par eux-mémes, créent une 
menace vitale immédiate et en quelque sorte mécanique. 

-ar exemple : on meurt localement, quand les poumons sont noyés d’cedéme 
ou fonctionnellement bouchés par un catarrhe suffocant; on meurt d’épuise- 
ment et d’hyperthermie dans un état de mal convulsif. Ces deux accidents 
peuvent étre de ordre hémodynamique ou de l’ordre neurovégétatif pcri- 
phérique, ou répondre a quelque altération des centres diencéphaliques. On 
comprend que le traitement soit alors, pour le biologists, un trés difficile 
probleme de pharmacologie, ou il étudie sur le plan expérimental des sub- 
stances susceptibles d’agir électivement sur tel ou tel mécanisme que l’analyse 
physiologique dissocie. Mais terminé cet effort, assuré ce résultat, le médecin 
qui soigne, n’a plus 4 résoudre un probléme physiopathologique. A un niveau 
beaucoup plus modeste, il a 4 satisfaire 4 des indications, et a prescrire les 
drogues, que la science lui donne et que lempirisme vérificateur cons:cre 
comme indiquées, efficaces, maniables; sans danger pour le patient, ou +i ce 
médicament comporte un risque, que celui-ci, du moins, reste proporticiné 
a celui qui découlait de la maladie méme. 

Que l’on me comprenne bien : le médecin utile devant état de mal «1 la 
bronchite capillaire, peut prescrire, par exemple, la chlorpromazine, sans »\our 
autant prétendre 4 réaliser une interruption fonctionnelle, ou un arré du 
catabolisme. Ceci le dépasse. Et si grisé d’un orgueil naif, il y prétend, }) \us- 
sant son action comme s’il savait alors qu’il débite le langage des phy: vlo- 
gistes, sans le plus souvent penser selon l’esprit et la discipline de la ph sio- 
logie, il ne se place pas dans la lignée de CL. BERNARD, mais dans cel!» de 
BOUVARD et PECUCHET. 


1 


Ce 
peut 
com 
puis 
lent 
ala 
fait 
au n 
dénu 
mire 
phar 
qual 
déco 
PY 
pron 
tive 
ten] 
ther 
disse 
ther 
En ¢€ 
ble | 
lade 
subs 
plegi 
ques 
sur | 
nery 
don! 
les fi 
dw 
G 


G 
din 
dyn 
tion 


pas 


ions 
“ide- 
plus 
une 
t, le 
sme 
per- 
Sans 
ber- 


| 8e- 


les 
une 


éme 
1ise- 
ents 
On 
icile 
sub- 
lyse 
ecin 
eall 
les 


HIBERNATION ET DECONNEXION EN PEDIATRIE 215 


Ceci revient a dire que sa prescription est de l’ordre du formulaire théra- 
peutique — et ceci est fort bien — et non point de l’adhésion, critique et 
compétente, 4 une doctrine physiopathologique, qui le dépasse de tous cétés, 
puisque aussi bien il n’est pas expérimentateur. Il semble bien que dans 
lenthousiasme on ait un peu vite conclu de l’efficacité empirique d’une drogue 
4 la vérité de la doctrine. On ne prescrit pas modestement une drogue, on 
fait de ’hibernothérapie. On s’acharne, non pas 4 soigner un malade, mais 
au nom de la technique, a créer et a entretenir cet état de renoncement, de 
dénuement, de nirvana biologiques, sans quoi le Dieu n’accorderait point le 
miracle thérapeutique. Mais qu’y eit-il d’utile dans une thérapeutique poly- 
pharmaque et riche d’activités physiques surajoutées? On sait que des voix 
qualifiées mettent en doute les fondements physiologiques de la méthode de 
déconnexion et d’hibernation. 

PHILIPPE DECOURT, dans son article de Thérapie (1) refuse 4 la chlor- 
promazine «une action antisynaptique ganglionnaire ... ’hypothermie rela- 
tive n’est pas liée & une déconnexion neurovégétative tendant & rapprocher la 
température centrale de la température ambiante comme chez le peecilo- 
therme ou Vhibernant ... De plus, lorsqu’on utilise simultanément le refroi- 
dissement et la chlorpromazine, on ne doit pas considérer qu’un abaissement 
thermique de quelques degrée, représente élément thérapeutique essentiel. 
En effet, non seulement la chlorpromazine seule est active, mais il est préféra- 
ble @éviter tout abaissement thermique (en réchauffant au besoin le ma- 
lade)». 

PHILIPPE DECOURT, rend compte des effets de la chlorpromazine et d’autres 
substances, drogues ou poisons, a action dite sympatholytique ou ganglio- 
plégique par une action, non pas élective ou isolée sur les récepteurs synapti- 
ques, mais par une activité beaucoup plus générale narcobiotique s’exercant 
sur tous les éléments vivants, méme unicellulaires et dépourvus de systeéme 
nerveux. L’organisation nerveuse de l’animal supérieur et le montage en série 
(d’amas de neurones a4 voies associatives courtes et fortement anastomosées, 
don! un exemple trés caractéristique est représenté par ce que l’on appelle 
les formations réticulaires», rendrait compte de la prépondérance apparente 
une action neuroplégique. 

Giy TARDIEU (9, 11), J. GosseT (3) formulent des critiques sévéres. 


G iy TARDIEU accorde que s’il est «légitime de paralyser le systéme nerveux végétatif 
pou: éviter les accidents qui résultent de son irritation (couper la voie de réflexes, 
din: ux descendants pathogénes), il ne s’ensuit nullement que la paralysie pharmaco- 
dyn: mique de ce systéme végétatif soit possible». Et il voudrait, faute de démonstra- 
tion -xpérimentale, que l’on n’emploie qu’avec prudence les mots clefs de lyse et de 
déco nexion. «S’il est hors de doute que le refroidissement sous 4560 R.P. ne provoque 
pas --s augmentations considérables de la consommation d’oxygéne, qu’on observe 
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chez un animal non protégé, il n’apparait nullement qu’il existe, tout au moins pour 
des baisses de température de lordre de celles qu’on provoque chez homme un abais.e- 
ment notable du métabolisme de base.» 


Dés lors, la notion méme d’hibernation et la recherche du refroidisseme nt 
général, considéré comme le noyau méme de la méthode perd sa signification. 

Suivons Vidée. En pédiatrie, nous ne faisons plus de ’hibernation théra- 
peutique, nous prescrivons une drogue a effets puissants, qui demande du 
doigté thérapeutique. Mais nous continuons a surveiller notre malade suiv:int 
les idées et les principes traditionnels, bien mieux, en conservant leur valeur 
séméiologique traditionnelle aux signes fonctionnels et généraux, et non point 
en essayant d’entrainer le malade, dans un autre monde ou, libéré des servi- 
tudes de Phoméostasie, il pourrait, pour son plus grand bien, s’abandonner 
dépersonnalisé sans réaction aux fluctuations de l’ambiance. 

Certes, il ne faut pas oublier les grands résultats acquis en chirurgie: I hé- 
mostase, le silence, ’équilibration sans choc, bref des conditions de sécurité 
et un élargissement du champ du possible, qui passe l’espérance. La pédiatrie, 
comme les autres disciplines, doit savoir prendre son bien dans la nouvelle 
pharmacopée. 

Mais les catégories de malades justiciables de ces méthodes en médecine 
infantile, ne sont pas les mémes que celles qui en bénéficient en traumatolocie, 
en neurochirurgie, en chirurgie viscérale ou orthopédique. 

Ce n’est point la méme chose de prendre dans son lit, dans quelque con- 
dition physiologique qu’il soit, un sujet pour le soumettre a une intervention 
choquante, mutilante, comportant une large perte de sang et de le soumettre 
en pré- et en post-opératoire & une thérapeutique d’anesthésie, de soutien 
de réapprovisionnement du matériel perdu, et d’apaisement des perturba- 
tions provoquées par la manipulation plus ou moins offensante des orga- 
nes, des pédicules et des centres; et de recevoir, aprés quelques heures ou 
quelques jours de maladie, un grand infecté en proie au déséquilibre du +yn- 
drome malin, peut-étre déja porteur de lésions viscérales profondes, et «ont 
Vorganisme, en plus de sa maladie réactionnelle est saturé de germes viv: !its. 
de poisons diffusibles, et de corps microbiens dont la lyse brutale renfore« ait 
lenvahissement de l’organisme par des endotoxines ou des réactogénes sur 
terrain allergique. 

Ici, on est appelé a intervenir en pleine bataille et la premiére régle t! -ra- 
peutique, ec’est le salutaire enseignement de J. REILLY, aussi bien po © le 
maniement des antibiotiques, que pour celui des neuroplégiques, est ( git 
avec mesure, prudemment et sans brutalité. 

Thérapeutique anti-infectieuse, bien sir! mais d’autant plus précau 
neuse et mesurée, que plus tardive et s’adressant 4 un malade plus fail: » et 
plus touché. Thérapeutique neuroplégique, peut-étre! mais ici aussi, pruc: nte 
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progressive pour calmer une agitation épuisante, stopper un état de mal con- 
vuisif, résoudre un catarrhe suffocant, apaiser ce que l’on appelle souvent, 
4 tort, encéphalite aigué, faire fléchir une hyperthermie. Dans tout cela, il 
n'y a pas hibernation, déconnexion, et pourtant nous savons le réle utile des 
bains, des enveloppements frais, des vessies de glace, pour amener la fiévre 
au dessous de 39°, s’il se peut de 38°, et non pas pour atteindre 36°, 35° ... 33°. 

Mais au total, qu’obtient-on par les méthodes dites d’hibernation dans le 
syndrome malin? Il n’apparait pas que Vhibernothérapie ait profondément 
transformé des statistiques, déja substantiellement réduites par deux ordres 
de progrés : — 1°) la correction des perturbations fonctionnelles liées a la 
maladie métabolique; — 2°) entrée en jeu des antibiotiques, et la mise en 
action de traitements étiologiques efficiaces 

("est pourquoi je ne suis nullement convaincu quand je vois un service 
hospitalier, dont le débit moyen est tout de méme limité, apporter en un 
temps trés bref, un nombre étonnant de cas, désespérés, au dessus des res- 
sources de la thérapeutique, cependant guéris grace 4 hibernation, alors que 
par les méthodes routiniéres, dans le méme temps, nous obtenions des résul- 
tats équivalents. 

Il est fort possible que l’on gagne des cas, que l’on eit perdus, par d’autres 
méthodes, mais j’avoue que j’ai été moins convaincu par les succés, que décu 
par les échees. L’hibernation n’a pas guéri les enfants comateux, qui avaient, 
dix-huit heures aprés le début, des cornées flétries et déja ulcérées. C’est ceux 
la qwil eit fallu guérir pour faire sa preuve. 

Mais j’admets trés bien que la chlorpromazine puisse guérir des rougeoles 
malignes hyperthermiques en état de mal convulsif avec cyanose et collapsus 
périphérique, ou des grippes, ou des scarlatines... en méme condition; et je 
n’aurais garde de négliger ce puissant médicament. 

Je tiens le plus grand compte des résultats expérimentaux de J. REILLY et 
P. TOURNIER (7), qui avee des doses de V’ordre de cing milligrammes kilo, 
injectées trente minutes avant, proteégent des souris qui vont recevoir une 
dose mortelle, en moins de vingt-quatre heures, d’endotoxine : témoins morts 
82°, — traités morts, moins de 45 %. Mais Vinjection de la drogue a précédé 
celle du poison. 

Av fond, si lon veut agir sur le syndrome malin des maladies infectieuses, 
ces! plus a titre préventif, prophylactique; et les neuroplégiques devraient 
étre prescrits sur une crainte ou dés les premiers indices. On n’est plus, dés 
lors, assuré de la gravité du cas, et de Vindiscutable efficacité souveraine de 
lan thode, dans une espéce qui n’était que menace et pas encore désastre. 

L. probléme du médecin n’est pas d’établir 4 la rigueur la valeur scienti- 
fiqu' d’une technique, mais connaissant les moyens de son époque, d’inter- 
ven’ au mieux, pour le bien de ses malades. 
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Resumé 


L’introduction dans la thérapeutique des médicaments dits sympatholy ‘i- 
ques, antihistaminiques, ganglioplégiques, a apporté de grands résultats en 
chirurgie viscérale, en traumatologie, en neurochirurgie. 

Les résultats ont conduit 4 une doctrine dite d’hibernation et de décon- 
nexion, qui a donné lieu dans ses principes et dans ses résultats, 4 des critiques 
récentes. 

Se placant exclusivement sur le plan de la thérapeutique clinique, auteur 
qui se défend d’étre physiologiste ou expérimentateur, met en garde coritre 
le danger qu’il y a pour des médecins, et en particulier des pédiatres, a vouloir 
agir en physiologistes et a s’efforcer de réaliser une situation fonctionnelle 
d’hibernation et de déconnexion, sans tenir compte des enseignements tra- 
ditionnels. 

I] défend un point de vue beaucoup plus modeste. Considérer des substances 
telles la chlorpromazine, comme des drogues qui ont des indications, néces- 
sitant un certain doigté thérapeutique : armes nouvelles qui ne changent rien 
aux principes traditionnels de surveillance et de soins. 

On ne doit point faire de hibernation ou de la déconnexion. On soigne 
des malades avec des drogues dont on a appris le maniement; et on se garde 
d’un orgueil physiodynamique qui, 4 l’échelon de la pratique, est, plein de 
danger, spécialement en une matiére ou la doctrine est fortement contestée. 


Bibliographie 
1. Decourt, Pu. : Mécanisme de l’action thérapeutique de la chlorpromazine. Thérapie 8 ; 846, 888, 
1953. 
2. Comment ont été concgues et réalisées les recherches ayant abouti a l’introduction th¢ra- 


peutique de la chlorpromazine (4560 RP). Presse Méd. 62 : 541, 1954. 

3. Gosset, J.: Etude critique des méthodes dites d’hibernation. Sem. des Hép. Ann. de chirurg. 
30: 117, 1954. 

4. Lasorit, H. et HuGuenarp. P. : Hibernation artificielle par moyens pharmaco-dynamiquws et 
physiques. Presse Méd. 69 : 1329, 1951. 

5 - Pratique de l’hibernothérapie en chirurgie et en médecine. Masson (Paris) 1954. 

6. Thérapeutique neuroplégique et hibernation artificielle. Essai d’éclaircissement d’une “qui- 
voque. Pr. Méd. 62 : 359, 1954. 

7. Reitiy, J. et Tournter, P. : L’action de la chlorpromazine (4560 RP) sur ‘intoxication typ! iqué 
expérimentale, Acad. Méd. 137 ; 385, 1953. 

8. Remy, J., CompaGnon, A., ToURNIER, P. et DE Burt, H. : La prévention et le traiteme: des 
accidents observés chez les typhiques aprés administration de chloromycétine. Ann. de \Méd. 
55 : 5, 1954. 

9. TarpIEv, G. : Faut-il opposer une thérapeutique neuroplégique aux accidents vasculair: 
lésions nerveuses graves? Presse Méd. 62 : 139, 1954. 

10. - Est-il bien certain que la méthode dénommée hibernation artificielle soit supérieur: 
simple thérapeutique neuroplégique? Presse Méd. 62 : 317, 1954. 


des 


i la 


char 
Ei 

E 
I 


pre 
stu 
the 
Pe 
sta 
bra 
typ 
T 
of t 
orig 
\ 
ava 
Case 
\ 
bety 
Ir 
of 
T 
A. | 
( 
A 
Clas 


From the Pediatric Clinic of Athens University. 
(Director: Prof. C. CHOREMIS.) 


lectro-Encephalographic Findings in Toxicosis of Infants 


by C. CHOREMIS and M. NESTORIDOU 


Pathological manifestations from the Central Nervous System are always 
present during the syndrome of toxicosis in infants, but so far the histological 
studies failed to disclose any specific lesion in the brain of fatal cases. 

The toxicosis in infants was one of the main subjects under discussion at 
the last Congress of the French-speaking Pediatricians (XII Congrés des 
Pédiatres de Langue Frangaise, Rapports Juin 1949). Reports of this Congress 
state that changes in the C.N.S. are always present in toxicosis, in which the 
brain is of congestive or oedematous type. But neither the first nor the second 
type may be considered as a specific lesion of toxicosis. 

The purpose of this paper is to present an analysis of the E.E.G. changes 
of toxicosis in infants. We have mainly selected cases of toxicosis of alimentary 
origin, which oceur most often during the summer months. 

We could find only one article dealing with this subject in the literature 
available to us (CHAPTAL, PASSOUANT et al. 1953). But the majority of the 
cases examined concern toxicosis of infectious origin. 

We have studied in all the E.E.G. changes of 26 cases of toxicosis aged 
between 1 to 16 months. 

In addition to the E.E.G. study, the ionogram of the C.S.F. and the type 
of respiration were examined in connection with the E.E.G. changes. 

The electro-encephalographic registrations were carried out with a six- 
channel Marconi apparatus. 

Eight scalp electrodes were used as follows: Two frontal, two parietal, two 
occipital, two temporal. 

E'ectrodes were attached to each ear to be used as reference points. 

Unipolar and bipolar leads from all electrodes were applied. 


Results 
A. |.E.G. Findings 
© the 26 patients studied, the E.E.G.’s were abnormal in 20 instances. 
A cording to the degree of abnormalities, the abnormal E.E.G.’s were 
clas ‘fied in 3 types: 
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TABLE 1 


Nature of E.E.G. changes in the 26 cases. 


Type of E.E.G. No. of cases % 

Type I (slightly abnormal) . . + 15.4 
Type II (moderately abnormal) . 5 19.2 
Type III (completely abnormal) . 6 23.1 

26 100.0 


Type 1: Slightly pathologic. 

Type II: Pathologic E.E.G.’s with clearly pronounced dysrhythmia. 

Type III: The E.E.G.’s of this type are entirely abnormal. Numerous slow 
waves of high voltage, diffuse in both hemispheres, or a paroxysmal break- 
through of pathologic waves, sharp waves, spikes and ‘wave-spike’ complexes 
of high amplitude. 

Some E.E.G.’s were of very low voltage (electric silence) and a few ones 
were characterized by a very fast rhythm of high voltage. 

The results are listed in Table 1. 


B. E.E.G. and Clinical Picture 

1. During the initial stages of the disease with signs of dehydration and the 
polypnoeic type of respiration: Twelve cases. 

The E.E.G.’s during that stage of the disease were nearly normal in six 
cases, slightly pathological (Type I) in four cases, moderately pathological 
(Type IT) in two eases. 

In no case the severe abnormalities of Type III have been observed. 


state) with the paralytic type of respiratory disturbance: Ten cases. 


2. During the advanced stages of the disease (semicomatose and coma! ose 


The E.E.G.’s of all these cases were very abnormal either of Type IT, t! ree 
cases or Type ITI, five cases, and a very low voltage (electric silence), two ¢:i<¢s. 

The form of toxicosis accompanied by signs of meningoencephalitis \ ith 
convulsions and rigors had also very abnormal E.E.G. (4 cases). 

From the above, it is evident that the E.E.G. changes seem to have a . ¢r- 
tain correlation to the clinical condition and the central nervous sys °m 
symptoms. Thus the E.E.G.’s during the initial stages of the disease where ‘he 
polypnoeic type of respiration predominates, are nearly normal or slig tly 
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Female 5 months old. E.E.G. on admission and before any treatment. Slightly phatologi- 
cal. Severe dehydration. Hyperelectrolytorachy. Recovery. 


Pneumonogram: Polypnoeic type (86 respirations per min). 


Fig. 1. 


abno.mal. In contrast, during the advanced stages of the disease with the 
para'vtie type of respiration, the E.E.G.’s are always very abnormal. There- 
fore ‘he E.E.G. changes seem to have also a certain correlation to the type of 
respi atory disturbance in toxicosis. 
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Fig. 2. Male 6 months old. — I. E.E.G. on admission and before any treatment nearly nor- 

mal, Severe dehydration, polypnoeic type of breathing. Hyperelectrolytorachy. II. The in- 

fant fell into the coma with the paralytic type of breathing 12 hours later. E.E.G. entirely 
abnormal. III. The infant recovered after thre days. E.E.G. nearly normal. 


C. E.E.G. and Ionogram of C.S.F. 

In twenty cases of toxicosis we have also studied the ionogram of C.S.1F. in 
connection with the E.E.G. changes. The ionogram of C.S.F. was found alter- 
ed, just like the ionogram of blood hyper- or hypoelectrolytorachy charac- 
terises these cases (CHOREMIS, KYRIAKIDOU et al. 1953). 


The hyperelectrolytorachy was found in the well-nourished infants (eutro- 
phic) in 87.5 per cent of the cases while the hypoelectrolytorachy was found 
in the malnourished babies (dystrophic) in 83 per cent of their cases. (See 
diagram.) 

In the past our clinic had also examined the changes of the C.S.F. during 
the toxicosis (1950) (CHOREMIS, KONSTANTINIDES et al.). 

ROYER-SHAPIRA et al., 1950, had also studied the changes of potassium nd 
sodium in the blood and in the C.S.F. in the dehydrated infants and found 
that these changes in most of the cases are parallel. But a complete study of 
the ionogram of C.S.F.in toxicosis has not been reported so far in the litera ire. 

The comparative study of the E.E.G. changes with the ionogram of C.>.F. 
in 20 cases of toxicosis, permits us to classify these cases in 3 categories 


First Category: Eight cases (Figs. 1 and 2).— The E.E.G. of these cass is 
nearly normal or slightly abnormal, while the ionogram of the C.S.F. is si_nif- 
icantly altered, and it is characterized usually by hyperelectrolytor: chy 
(75 per cent). All these cases have been admitted to the clinic during th: ini- 
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Frontal 
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Aariefal 
R Parietal 
Occipital 
R Occipital 
the Car tee 2 
Male 7 months old. — E.E.G. on admission and twelve hours before death. A very low volt- 


age rythm (electrical silence). Complete coma. Hypoelectrolytorachy. 


Pneumonogram: Paralytic type. (Pause 1—2 seconds after each expiration.) 


Fig. 3. 


tial stages of the disease with the polypnoeic type of respiration and they were 
usual'y toxicosis of the eutrophic type (75 per cent). 


Second Category: Seven cases. All are toxicosis of the dystrophic type. (Figs. 
San 4)— The E.E.G.’s in all these cases were abnormal (Type II or ITT) 
or of 1 very low voltage. The ionogram of C.S.F. was also greatly altered. 
Hyp« -lectrolytorachy usually characterizes these cases (71.4 per cent). The 
majo. ty of the cases were admitted to the clinic during the advanced stages of 
the d sease with the paralytic type of breathing. Three of them died. 
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Fig. 4. Female 12 months old. — E.E.G. on admission very abnormal slow waves of high 
voltage diffuse in both hemispheres. Complete coma. Paralytic type of respiration. Hypo- 


electrolytorachy. The infant died 24 hours later. 


R frontal 1 I 


Fig. 5. Male 19 months old. —I. E.E.G. on admission and eight hours after convu 
Very abnormal. Diffuse slow waves of high voltage. Superficial breathing. Ionogram of 
not much altered. II. E.E.G. one day later. Waves 3—4 c/s of moderate voltage. Im 
ment of the clinical condition. III. E.E.G. three days later. Normal, the child rec: 


Third Category (Figs. 5, 6 and 7).—The E.E.G.’s of these cases were 
abnormal while the ionogram of C.S.F. was not much altered. The ¢ 
symptoms predominate in these cases, as convulsions, rigors, while the ! 
bolic disturbances are not very obvious. 


Jo the right eor 


- 


ons. 
S.F. 
ove- 
red. 


ery 


Fig. 
silen 


ities 
wit] 
ove! 
ther 
of t] 

char 

Tl 
whic 
rate; 


| 
fronlal 
RP 
RO. 
fy, case 
dist) 
O 
Sisti 
TH 
= T 
wit! 
= pati 
four 
15 


high 
ypo- 


ELECTRO-ENCEPHALOGRAPHIC FINDINGS IN TOXICOSIS OF INFANTS 


x 

Frontal 
4 Franfa/ 

Parrefal 
Pariefa/ 

LQapla/ 
the right ear 

Fig. 6. Male 5 months old. — I. E.E.G. on admission. A very low voltage rhythm (electric 


silence). Signs of meningoencephalitis. lonogram of C.S.F. not altered. Paralytic type of 
respiration. II. E.E.G. two days later. Recovery. 


From the above-mentioned observations it seems that the great abnormal- 
ities of the E.E.G. appear more often with the hypoelectrolytorachy, while 
with the hyperelectrolytorachy, that is, where loss of water predominates 
over electrolyte loss, the E.E.G. is not usually very abnormal. It seems, 
therefore, that the dehydration is not the principal factor in the production 
of the great abnormalities of the E.E.G. 

The comparative study of the type of respiratory disturbance and the E.E.G. 
changes in toxicosis is interesting. 

The E.E.G. is very abnormal in the cases with the paralytic type of breathing 
which is characterized by superficial respiratory movements which are sepa- 
rated by a short or long respiratory pause. E.E.G. abnormalities of these 
cases may be due to the hypoxia of the brain, as a result of the respiratory 
disturbance. 

Oxygen deficiency in the brain causes abnormalities in the E.E.G. con- 
sisting of high voltage slow waves or disappearance of electrical activity. 
and MATTHEWS 1934, GiBBS, DAvIs and LENNOX 1935, DAvIsS and 
1938). 


T! © electrical activity of the cortex has also been studied in six patients 
with Cheyne-Stokes respiration (ENGEL and RoMANo 1944). In two of the 
pati nts, no significant change was observed in the E.E.G. but in the other 
four the E.E.G. had a more normal appearance during the hyperpnoeic 
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Fig. 7. Female 9 months old. — I. on admission. Abnormal. Signs of meningoencephalitis. 
II. E.E.G. two days later is normal. Recovered. 


phase than during the apnoeic phase. During the apnoeic phase the abnormal- 
ity in the E.E.G. increases progressively as the anoxia becomes more severe. 

A study of the oxygen saturation of the blood in connection with the analysis 
of the E.E.G. changes in toxicosis should be very interesting, as the oxygen 
saturation of the blood is decreased in the dehydrated children (KERPEL- 
FRONIUS et al. 1950). 


E.E.G. Changes during the course of the disease 

1. Improvement and return to normal: 

The abnormal waves disappear and the E.E.G. returns to the sustained 
rhythm, differing in every case, and depending on the age of the infant: 

The improvement of the record was parallel with the improvement o! the 
clinical condition. 


2. The accentuation of the E.E.G. findings: 

This condition concerns the E.E.G.’s which before treatment were slig tly 
pathological. In these cases the sustained rhythm disappears, numerous © igli 
voltage slow waves, sharpes waves, spikes, ‘‘wave-spike’’ complexes, or w_ ves 
of a very low voltage predominate in the E.E.G. 

The severity of the E.E.G. findings seems to have a direct relationsh: ) to 
the aggravation of the clinical condition. When the infant falls into the « ma 
with the respiratory disturbances of paralytic type, a very abnormal E. ..G. 
is always observed. 
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Of the total 26 cases, 19 improved after treatment, while the remaining 
seven cases, in spite of the proper treatment during their hospitalization, 
showed clinical and electrical aggravation. Three of them died. The post- 
mortem examination in one of them revealed a moderate oedema of the brain 
and congestion of the meninges. 

A characteristic finding in the E.E.G.’s, taken during the course of the dis- 
ease, is the rapid change of the record, which occurs with any sudden change 
in the patient’s condition (either improvement or aggravation). 

The rapid reversibility of the E.E.G. abnormality is in favour of the func- 
tional nature of the lesion of the C.N.S. in toxicosis of infants. 


Conclusions 

1. In the toxicosis of children the E.E.G. presents abnormalities which 
are parallel with the severity of the clinical condition. 

2. The comparative study of the E.E.G. changes with the ionogram of 
C.S.F. shows that, in most of the cases, the E.E.G. abnormalities are very 
slight with the hyperelectrolytorachy; in contrast the E.E.G. is usually very 
abnormal with the hypoelectrolytorachy. 

3. It seems that there exists a certain correlation between the E.E.G. 
changes and the respiratory type of toxicosis. The paralytic type of respiration 
is accompanied by a very abnormal E.E.G., while during the polypnoeic 
type, the E.E.G. is nearly normal or only slightly pathological. 

4. The E.E.G. changes seem to have a direct relationship to the course of 
the clinical condition. 

5. The E.E.G. changes rapidly become normal after the cure of the disease 
regardless of the extent of their abnormalities before treatment, which proves 
that the nature of the lesions in the C.N.S. should be considered as functional 
rather than irreversible anatomical ones. 
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From the National Childrens Hospital, Dublin. 


The Beta Streptococcal Theory of Rheumatic Fever 


in the Modern Treatment of the Condition 


by W. R. F. COLLIS and A. J. MACDONALD 


Rheumatic Fever has been called Acute Rheumatism, Juvenile Rheumatism 
by paediatricians, Rheumatism articular aigue by French and Rheumatisimius 
Infectiosus by German workers, the original title, however, is still generally 
the most satisfactory. True, the Clinical picture has somewhat changed since 
the nineteenth century when the condition was most commonly seen in adults 
inhabiting the rapidly growing cities of the temperate zones. Then the most 
characteristic symptoms were high fever and polyarthritis, though as the 
disease progressed the heart was usually involved as well, to a lesser or greater 
degree. Now rheumatic fever is most commonly found during the years of 
growth and less often met with in adult life, and the symptoms of heart (lis- 
ease and chorea are far more prominent clinical symptoms than those of joint 
involvement. 

An enormous literature has grown up concerning the aetiology of the 
disease which is so baffling to the student, that it is very difficult for 
him when first he takes up the problem to sort out “the wood from the 
trees”. The present authors are in a particularly favourable position, liow- 
ever. One of us (W. R. F.C.) was sent by Professor E. H. PARK in 1929 to 
visit the prominent heart and rheumatic clinics in some of the big Americat 
cities and on his return to the Johns Hopkins Hospital a heart clinic was 
started there, among the personnel of which was a then young resident c:lled 
TAussiG. The subsequent story of that Clinic is now known all over the world. 
Later on his return to the Hospital for Sick Children, Great Ormond St :et. 
London, he joined the research department there on a fellowship dev ted 
to the study of rheumatic fever. There, in close contact with Poy» 0%. 
SCHLESINGER, NABARRO, SHELDON and other workers such as F. GRIF! THs 
and GLOVER in the Ministry of Health he worked on the subject for » me 
years, later being called back to Ireland where he has subsequently ke} up 
his studies of the problem for the last twenty years. The second author ( \. J. 
MacD.) has but recently returned from America where in the Rheur atic 
Fever Section, Children’s Hospital Boston he has been in the closest co: ‘act 
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wit i: recent American work and thought on the subject. Hence we feel able 
to zive the story, as it were, from the inside. 

‘he problem is still far from elucidated and though in the latest edition of 
Hout and HOWLAND, now HOLT JR. and McINTOSH (17), the Group A Beta 
Streptococcal theory is virtually accepted, many other paediatricians are 
still very doubtful of its validity including the distinguished professor (13) 
to whom this volume is dedicated. 

The subject is, however, of greatest importance in paediatrics today as 
those, such as ourselves, who believe that the beta streptococcus is the in- 
fective factor in rheumatic fever and treat the patient accordingly now sug- 
gest that if such treatment is carried out according to the correct principles 
that the general rheumatic reaction characterised by arthritis, fever ete. can 
be abolished in a short period and though endocarditis, as evident by mur- 
murs, may persist, that in many cases the heart is left with little structural 
damage, and that recrudescenses and subsequent relapses may be prevented, 
or if they do occur, due to failure to adhere to the prolonged prophylactic 
treatment prescribed, they can again have the recurrence cut short success- 
fully. 


Historical Survey of Bacteriological Problem 


All early workers after examining the clinical picture of rheumatic fever 
felt that here was a disease which should be caused by a demonstrable or- 
ganism fulfilling Kocu’s postulates, and set out to find the germ by cultures 
from the blood and tissues of infected cases. As early as 1899 WASSERMANN 
(30) had isolated what he thought was the causal organism in a blood culture 
from a rheumatic patient, but he could not confirm this observation. Many 
others followed in the early years of this century, the best known of whom 
were POYNTON and PAYNE (24) who made the claim to have found a diplo- 
coccus in the blood stream of rheumatic fever subjects and to be able to 
reproduce the condition in rabbits. Their work, however, was not confirmed 
by others and a study of their experiments later led to the belief that the 
lesions produced in animals were infective rather than rheumatic arthritis 
and «arditis. 

In the decade following the 1914—18 war a spate of workers in America 
and ‘urope following different blood culture techniques found a large variety 
of or sanisms in cases of rheumatic fever: BERTRAND (2) in Antwerp claimed 
to h ve found an anaérobic bacillus which would turn into a streptococcus, 
LOW NSTEIN (21) in Vienna acid fast bacilli indistinguishable from tubercle 
baci), SMALL (28) in America claimed to have rediscovered PoYNTON’s and 
Pal. s diplococeus. BIRKHAUG (3) in the same country isolated a very 
stro: ¢ toxin producing organism resembling a staphylococcus. NICHOLLS, 
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CEcIL and STAINSLY (23) claimed to have cultured non-haemolytic strepto. ci 
in 50 per cent of blood cultures kept for six weeks. Later CALLOW (New Yo: k) 
(5) using prolonged incubation technique also got positive results in a hich 
percentage of blood cultures. Her organisms resembled diphtheroids which 
she claimed, like BERTRAND, but by quite another technique, to be able to 
turn into streptococci. 

All these workers used animals, even VORONOFF’s poor castrated anthropoid 
apes in one last sacrifice for their human cousins being brought in and in- 
jected with BERTRAND’s virulent germ. They died of sepsis, including in- 
fective arthritis! 

A worker therefore taking up the subject around 1929 was forced to study 
these varied and obscure claims and to see if he could confirm their work. 
This CoLuts did in his laboratory in the Hospital for Sick Children, London. 
He obtained and studied the organisms found by BIRKHAUG, BERTRAND, 
CALLOw and others, and carried out some 70 blood cultures by the prolonged 
technique of NICHOLLS, CECIL and STAINSLY. 

Similar work was carried out carefully in the Rockefeller Institute by 
Swirt and elsewhere in America by COBURN and others. We all came to the 
same conclusion: the few organisms obtained by blood culture were either 
contaminants or if they came from the blood were merely the result of tem- 
porary bacteraemias and of no aetiological significance as far as rheumatic 
fever was concerned, and all the animal experiments reported were false, 
the findings being those of septic arthritis and carditis and not the classical 
morbid picture of rheumatic fever. 

Long before we had amassed enough facts to dispose of these claims we liad 
become certain when meditating over the problem in our laboratories hat 
some different approach was necessary. If there was an infective factor in 
rheumatic fever it was either some new and unusual organism, or we were 
faced by some different kind of body reaction not envisaged by Kocu. Kvep- 
ing our eyes open we became aware of certain pointers:— 

(a) All workers had constantly observed that rheumatic fever tende:! to 
follow acute pharyngitis after a period of usually more than a week. ‘his 
pharyngitis was often associated with scarlet fever. 

(b) That if epidemics of pharyngitis were studied in semi-isolated « m- 
munities, as GLOVER (14) had done so carefully working for the Br ‘ish 
Ministry of Health, that after a certain proportion of these cases of phe yn- 
gitis rheumatic fever tended to occur, and the organism causing the t). oat 
infection was a similar type of haemolytic beta streptococcus to that cai ing 
scarlet fever. 

(c) SCHLESINGER (26) had demonstrated that when in homes for the 01- 
valescent rheumatic children pharyngitis occurred, a rheumatic fever r ‘ul- 
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rene tended to appear 10—12 days subsequently (Chart 1). Discussing these 
phenomena one day with F. GRIFFITHS in the British Ministry of Health 
laboratory, COLLIS came to the conclusion that the causal germ of these 
epidemics of pharyngitis in convalescent homes must be ascertainable and 
he suggested to SHELDON that they should make a careful study of the bac- 
teriological flora of some twenty convalescent rheumatic children in the 
Cheyne Walk Rheumatic Home, London, and then to study minutely any 
cases of pharyngitis which might subsequently arise. 


CHART 1 
BT 9 15 1716] 178 179 | 20] 27 [22] 23] 26 FRESE REAL) 
i 
| 
Acute tonsillitis Silent period Rheumatic 
pericarditis with 
Pulse extreme cardiac 
—— Temperature dilatation 


This is a case showing a typical rheumatic recurrence in a child who has had several previous 

attacks of rheumatic fever. It demonstrates the acute tonsillitis caused by beta streptococcal 

infection, the silent period and the rheumatic recurrence. (Published with acknowledgement 
to the Practitioner.) 


They had not long to wait. In November 1930 an epidemic of acute pharyn- 
gitis was introduced into the home by a nurse and continued till February 
1931. Nine rheumatic fever recurrences took place. In each case it was pre- 
ceded by an acute pharyngitis caused by the same strain of beta haemolytic 
toxozenic streptococcus and followed by a silent period and then a fresh 
attack of rheumatic carditis. Four children died at varying periods later of 
heart failure associated with the acute active rheumatic carditis. The ward 
was kept under continual bacteriological observation, the throat flora of 
every case being charted weekly for a year and a half. Though other upper 
resp) tory infections occurred associated with such organisms as the pneu- 
moc is in pure culture, and what we would now call virus colds, relapses 
neve followed these infections. This work was confirmed in other rheumatic 
hom 

Cc Lis (7) published these results in June 1931 and stated confidently that 
he  asidered the beta streptococcus the infective factor in rheumatic fever. 
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Earlier in the same year COBURN (6) had published his famous monogr: ph 
“The Infective Factor in the Rheumatic State” bringing forward a vast ar:ay 
of epidemiological, climatic and bacteriological data in support of the same 
theory. The two workers had come to the same conclusion simultaneously at 
different sides of the Atlantic without any collaboration. 

This new approach was, of course, only the beginning. Later they were able 
to show that not only rheumatic relapses but also (see Chart 2) primary at- 
tacks of rheumatic fever followed the same pattern (17). Here the usual pic- 
ture was that a number of attacks of pharyngitis caused by beta streptococci 
would occur in fairly rapid succession. Nothing would happen after the first 
or perhaps second attack of pharyngitis and then another attack would occur 
which would be followed 8—20 days later by the sudden onset of rheumatic 
fever. For those of us then who had lived with the problem for some years 
it was clear that the acute pharyngitis preceding rheumatic fever was caused 
by certain strains of beta streptococci, and wide bacteriological studies by 
ourselves and others showed that sometimes, though no clinical pharyngitis 
might be observed, the same organism would appear in the throats of children 
and be followed by rheumatic fever. This work was confirmed by many other 
workers in different centres subsequently. But the mechanism of this as- 
sociation was still anything but clear. Indeed all our knowledge of the various 
actions on body tissues by these organisms seemed against their playing a 
direct role. The usual methods of attack by the beta streptococcus: septi- 
caemia, cellulitis, erysipelas etc. or its effect on the tissues by diffusable toxin 
as in scarlet fever could not be brought in to explain the phenomenon of 
rheumatic fever. Hence he was forced to set about exploring other possible 
explanations. Using an agate ball mill similar to that originally made to grind 
up tubercle bacilli for the purpose of making tuberculin, COLLIS, SHELDON and 
GRAY Hii (11) produced a protein substance from the dried bodies of |eta 
streptococci to which rheumatic children were shown to be much more sen- 
sitive than controls. CoBURN (6) using a different method of preparation !iad 
already obtained similar results. 

Next we must consider the bacteriological studies obtained at post-mor'«m. 
During the period when CoLLis was carrying out the work referred to al-ove 
a bacteriological study of all cases dying either during or after attack. of 
rheumatic fever was carried out during autopsy. The results were very -ur- 
prising. Cultures of beta streptococci were obtained from the centre of to: sils 
which had been dipped in spirit, their surfaces flamed and then cut av 08s 
with sterile instruments. Similar cultures were obtained by similar techn (ue 
from the tonsilar glands in the cervical region and occasionally from gl: 1ds 
further down the neck and those at the bifurcation of the trachea and be ind 
the pericardium often many months after the beta streptococci had d: ap- 
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peared from the children’s throats. In one case a splenic puncture grew a beta 
streptococcus along with an alpha streptococcus. In a large number of cul- 
tures from heart valves cut out from hearts with as sterile precautions as pos- 
sible, then dipped in spirit, flamed and cut up on a blood agar plate pure 
growths of beta streptococci were obtained. In all these cases the heart’s 
blood had not grown the organism though a terminal septicaemia with alpha 
streptococci was demonstrated in some cases. 


CHART 2 


DATE | 23! 1213 
Pum. 


1501074 | 
140 
130 105° 
120 |104" 
110 Ni. 
“| WA ATS 
70 | 99° 
| 97° 
__ | 962 | 
Acute wang ™ Carditis beginning Pericardial rub heard 
—— Temperature 


< 
« 


Here is a case of primary rheumatic fever occurring in a patient (a ward maid aged 18) who 
had come from the country to the city nine months before. She had had two previous attacks 
of tonsillitis during the previous nine months. Then the present attack occurred which was 
followed by a severe attack of primary rheumatic fever some 9-10 days later, the organism 
causing the throat infection being beta streptococcus. (Acknowledgement to Practitioner.) 


Cultures, however, taken at random from different surfaces exposed during 
autopsy occasionally also grew beta streptococci. This fact, together with the 
difficulty of explaining the findings, made CoLLIs postpone the publication 
of this work for some years till more controlled experiments could be carried 
out. GREEN (15) from Edinburgh, however, subsequently published the 
results of similar studies made at nine autopsies on rheumatic fever patients. 
His results were even more startling, obtaining as he did beta streptococci 
fron. the valves in 8 out of 9 cases, the organism being the same type as that 
obt: ‘ned by throat culture during the pharyngitis which had preceded the fatal 
car’ tis. The heart’s blood cultured at autopsy was negative in all cases. 
Aft: the publication of this paper CoLis (10) felt it essential to publish his 
rest. ‘s but commented that he did so with the greatest reserve as much more 
olled work was necessary before such findings could be accepted. We 
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can find no reference to others having followed up this line of investigatic .. 
But one thing was plain from both GREEN’s and COoLLIs’s autopsy cultur:s: 
that beta streptococci are to be isolated from the centre of tonsils and glari |s 
in large numbers at autopsy in patients dying of rheumatic fever. Second y, 
that these virulent organisms were behaving in a very unusual manner, were 
in fact living in these sites in a somewhat similar way to that of tubercle 
bacilli in the infected host. Here they appeared to lodge without causing aiy 
of the usual manifestations which we are accustomed to associate with beta 
streptococeal infections. In other words, that they were acting and the body 
was reacting in a manner new to our previous knowledge. 

It was at this time that CoLLis also carried out his observations on ery- 
thema nodosum (9). Up to then it was thought in Europe in general that 
erythema nodosum was a phenomenon of tuberculosis, and in England of 
rheumatic fever. In Australia it was considered an acute specific infectious 
entity. COLLIS now showed the eruption could occur in the course of in- 
fections either with the tubercle bacilli or the beta streptococcus. He quoted 
two examples of this phenomenon of great interest: (a) One where a physician 
used to the old somewhat dangerous method of subcutaneous injection of 
tuberculin as a diagnostic test (the children subsequently reacted if positive 
locally by swelling, focally in the lung, and generally by fever etc.) had pre- 
cipitated an attack of erythema nodosum by this means. And had subse- 
quently caused a recrudescence of the eruption in the same child by a second 
injection of tuberculin some weeks later. (b) Of a case of an adult suffering 
from erythema nodosum following a beta streptococcal pharyngitis who was 
insensitive to tuberculin but highly sensitive to beta streptococcal ‘‘protein” 
and who similarly to the tuberculous case had a recrudescence caused by a 
subcutaneous injection of the streptococcal protein when convalescent from 
the condition. 

Here was the phenomenon of a changed body reaction to certain bacterial 
substances, possibly of an allergic nature, picking out certain specific areas of 
the body, in these cases the extensor surfaces of the extremities. The reactions 
caused are like artificially produced tuberculin reactions, or beta streptococ- 
cal protein reactions, and although we do not know their mechanism of })"0- 
duction we may postulate either a diffusible allergen picking on these site» or 
that a temporary bacteraemia with the tubercle bacilli or streptococci as 
taken place in a highly sensitive host, the organism lodging in these areas « nd 
causing the local reaction as they break down. These studies were of profo: nd 
importance in the general study of bacterial allergy and the conceptio: of 
altered body reaction in sensitive tissues, and led CoLLis to suggest that he 
various manifestations of rheumatic fever might be of a similar nature- -in 
other words an antigen-antibody reaction. 
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CHART 3 
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To appreciate the argument here it is well to remind the reader of the 
principles of the Arthus phenomenon as demonstrated in serum sickness 
(see Chart 3). If at (A) we inject a certain given amount (e.g. 100 units) of 
horse serum into a patient, its titre in the circulation gradually diminishes. 
Antibody, on the other hand, rapidly develops. At a certain moment, usually 
10—20 days (C), in cases who have not been previously sensitised by a former 
injection, a sudden general body reaction occurs associated with fever and in 
som cases non-infective arthritis. At this moment a precipitin antibody- 
anti-en reaction can be demonstrated in vitro. It was shown by Swirt (12) 
in sich cases that salicylate would depress antibody formation and that 
whe’ administered in sufficient quantities no general reaction would occur. 

A~ well as this general body reaction it would seem that there is a cellular 
reac ion associated with local oedema and urticaria. This cellular response 
occ ’s almost immediately in previously sensitised subjects and usually 
wit n five days in unsensitised patients (B in Chart 3) and is unaffected by 
sali late administration. 
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SCHLESINGER (26) was the first to notice the similarity of this reaction aid 
that observed in convalescent rheumatic patients developing recurrenc:s. 
Here an initial pharyngitis (he observed that this was often caused by tix 
beta streptococcus but did not realise its significance as he was looking for a 
specific non-haemolytic streptococcus at the time) was followed by a silent 
period of 10—20 days which was followed in its turn by a generalised rhei- 
matic recrudescence associated with fever, polyarthritis, pericarditis, etc. 
He administered salicylate over the silent period and found that the general 
reaction could usually be prevented by this means. 

SHELDON (27) and others confirmed this observation and COLLIS set out to 
examine the phenomenon with all means available. 

Very complete case histories were kept for many months, the pulse, tem- 
perature and clinical symptoms being charted against the bacterial flora of 
the patients’ throats, the E.S.R., haemoglobin levels and skin reactions to 
beta-streptococeal protein (streptolysin titres were unfortunately not done 
on these cases). A number of important observations from the work were 


made at different times:— 

(1) Though the general reaction could often be prevented from occurring, 
the E.S.R. would rise to the usual high level seen in rheumatic fever patients, 
while cellular reactions, such as nodules and valvulitis, tended to be unin- 
fluenced by the administration of salicylate. 

(2) The question of whether the general reaction could be prevented by 
salicylate seemed to be influenced by two factors, viz. the persistence of the 
beta streptococcus in throat culture, i.e. if after a week or ten days the 
organism disappeared from the throat culture a general reaction was much 
less likely to occur than if it could be cultured for many weeks, this persi- 
stence or absence depending upon whether the tonsils were present or !iad 
been removed. (Later, as we shall see, it was observed that the administration 
of sulphonamides or penicillin at the time of the pharyngitis also plays an 
important part in preventing the subsequent general rheumatic reaction.) 

(3) The haemoglobin level tended to fall steeply as the E.S.R. rose equ:'|ly 
steeply. That if the two figures we plotted empirically from 0—100 t)vir 
curves would cross when the danger from general reaction was at its hei lit 
(Chart 4). We have not been able to elucidate this observation fully. 8: 1e 
workers state that the anaemia which is associated with rheumatic fevi |s 
due to bone marrow failure (19), others (BRADLY, personal communicat: |) 
that it is due to a dilution of the blood plasma. Our observations in a gen «iil 
way may be said to support the latter view. If it is correct and the dilu 
fluid is composed largely of globulins as BRADLY, suggested it may be sig’ i- 
cant in connection with the antigen-antibody hypothesis stated above. T 0D 
(29) and later many other workers meanwhile studied the immunolo: al 
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‘jon CHART 4 Pulse 
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The above shows a typical case of beta streptococcal infection in a sensitive rheumatic 

patient. Temperature and pulse are charted above the Hgb. and E.S.R. levels which are 

both empirically charted from 1 to 100. As the rheumatic process reaches its height the 
Hb and E.S.R. lines cross. 


reactions associated with beta streptococcal infection and rheumatic fever 
and demonstrated the presence of antistreptolysin and other antibodies 
in the plasma of rheumatic fever subjects, thus again showing the association 
of the beta streptococcus and rheumatic fever, though nobody as yet has 
beer able to produce the actual antigen-antibody reaction which will cause 
rheumatie fever. This immunological work indeed forms perhaps the most 
important proof of the intimate connection between the group A beta strep- 
tococcus and rheumatic fever and all who still doubt these findings are re- 
ferr 1 to the recent literature on the subject (1). 

ese facts had been ascertained during the 1930—40 decade. Towards the 
en’ of this period came the discovery of sulphonamides and later penicillin 
an ‘he other antibiotics. At first all workers on the subject, especially those 
liki ourselves who were convinced of the beta streptococcal theory of rheu- 
me ic fever, were hopeful that at last we had a complete new weapon to 
cor vat the disease. Hopes were soon dashed, however, when it was found 
th: the sulphas and later penicillin would not per se cut short the established 
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attack. Closer study and more careful reasoning showed that this could harc |y 
be expected for seldom could the pharyngitis be treated till it had been in 
existence for some time and then only would treatment with sulpha or penivil- 
lin gradually overcome the infection, this period being long enough in alrea:y 
sensitised patients to start off the rheumatic reaction which would becoiie 
manifest in 10—20 days. But this was not to say that the antibiotics were of 
no use in the treatment of the attack. Though they would not in many cases 
destroy the beta streptococcus in time to stop the attack of rheumatic fe\ er 
completely they would, if given in sufficient quantities, destroy the organism 
eventually—GREEN, and CoLLis’s demonstration of the organism living for 
long periods in tissues, even at some distance from the original site of infection, 
had suggested the importance of such a procedure. This has been proved 
correct and now we know that if penicillin is given in sufficient quantities overa 
long enough period and combined with some antibody formation preventing 
substance, e.g. salicylate, that not only may recrudescence be prevented but 
that established attacks may be modified (see below). Perhaps the most 
significant finding at this time was, however, that sulpha given as a pro- 
phylactic over long periods of time in the relapsing type of rheumatic fever 
patient would prevent beta streptococcal pharyngitis and hence the rheu- 
matic fever recrudescence (20). 

During the second World War period most of the work could not be actively 
continued though certain epidemiological studies in American armed forces 
confirmed GLOVER’s earlier work showing that beta streptococcal infections 
were in certain cases followed by the appearance of rheumatic fever after a 
silent period and went on to show that they could be prevented by the «d- 
ministration of sulpha as a prophylactic against beta streptococcal pharyn- 
gitis in general. 

Finally HENCH (16) discovered the profound effect of cortical suprarenal 
hormones on all the collagen diseases! including rheumatic fever, rheu:a- 
toid arthritis, etc. He showed that cortisone or ACTH would cut short he 
attack of rheumatic fever, not only preventing the worst features of cari ‘tis 
and arthritis but simultaneously bringing the E.S.R. back to normal. |1n- 
mediately all and sundry, those understanding the beta streptococcal h) :0- 
thesis, those not understanding it and those opposed to it rushed forwar to 
try the new cure. Great differences in results were obtained. Generally sp: ik- 
ing it may be said that the use of cortisone and ACTH by themselves prc ed 
somewhat disappointing. True immediate relief from acute symptoms : ld 
be obtained but the cases were apt to relapse when the patient had t be 
taken off the hormone. Those however, who believed in the beta streptoce ‘al 


1 Some recent work seems to throw some doubt on the correctness of using the 
Collagen diseases, but this problem is not presently germane to our argument. 
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hypothesis have been able to elaborate a treatment which they now believe 
tends to cut short the entire rheumatic process and if followed later by pro- 
phvlactic treatment will prevent subsequent recurrences and relapses. 


The Modern Treatment of Rheumatic Fever According to the 
Beta Streptococcal Hypothesis 


This in brief postulates that rheumatic fever is an antigen-antibody reac- 
tion, possibly both cellular and general, the antigen being certain products 
of the haemolytic streptococcus as yet not identified. Hence if treatment is 
to be successful it must consist first in prevention of the production of sensi- 
tivity by the control of beta streptococcal infection in general and by specific 
prophylactic measures in already sensitive rheumatic cases. Secondly, treat- 
ment of the actual attack must include destruction of the antigen, the beta 
streptococcus, by penicillin or other antibiotic and, thirdly, the prevention 
of anti-body formation as far as possible by salicylate or other antibody for- 
mation depressing drug. The exact role of the cortical suprarenal hormones 
in this connection is not absolutely clear. They are supposed to affect the cel- 
lular rheumatic reaction (Aschoff node) and to stop at least temporarily the 
general reaction associated with the synovial cavities ete. Much work has 
been done upon this aspect of the problem. In general it is stated by the joint 
workers in a wide survey of patients treated with cortisone, ACTH or sali- 
cylate that none of these substances could be said to be superior to the other, 
though their effects were not altogether similar (18). 

The present authors having examined these reports and correlated them 
with their own observations feel that the ideal approach to the treatment of 
a case of rheumatic fever is as follows: 

As soon as the case is diagnosed as acute rheumatic fever (showing the 
classical signs of acute active carditis etc.) the patient should be given large 
doses of penicillin. Doses as large as one million units of the crystalline form 
are worth giving for 24—48 hours followed by 600,000 units of procaine peni- 
cilli: for 10 days. This should then be replaced by the oral administration of 
penicillin for some months. The rationale of this is to destroy the beta strep- 
tocc-ci both on the throat and in more protected sites such as tonsil crypts, 
glaiis, ete., while at the same time acting as a prophylactic against further 
dro: let infection with the organism from outside. We are aware that some 
wo) ers feel that the administration of penicillin has little or no effect on the 
the ynatie process once it has been established, but we are not completely 
cor inced of the truth of this from our own observations. In any case the 
era cation of the beta streptococcus, which as we believe is the primary in- 
fec’ ve factor causing the rheumatic reaction, and the prevention of its recur- 
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rence by recrudescence or reinfection, would seem to be of primary importan:e 
{see case history 1 below). 

At the same time ACTH or cortisone—we prefer not to be dogmatic as ‘o 
which in this respect—should be administered. The dose should be large, 2:0 
mg of cortisone being given to a child of five years. It is impossible to be 
dogmatic as to the length of time that it should be continued. We are of tiie 
opinion that before side effects of the hormone treatment become prominent 
it should be discontinued and ample doses of salicylate substituted (i.e. enough 
given to produce a blood level of 25—35 mg per cent). The amount of suli- 
cylate will vary with the weight and body surface of the child and the ab- 
sorption of the drug in any one case. (Usually 60 grains to a child of ten will be 
sufficient, but this must be controlled by blood salicylate estimations as other- 
wise an insufficient blood level may only be obtained.) 

The length that treatment with salicylate should continue is difficult to 
determine but it is better to err on the safe side and say not less than 2—3 
months, though if side effects are unpleasant the dose can usually be reduced 
with safety after the first 14 days. It is possible that a combination of corti- 
sone, or ACTH, and salicylate from the beginning may be the most effective 
of all but we have no experience of this as yet. 

If this general schedule is followed we suggest that ‘‘the rebound” phenom- 
enon described by many workers (31) where when the hormone or salicylate 
is discontinued a temporary reappearance of symptoms including a sharp 
rise of the E.8S.R. appears, or a genuine relapse occurs, will be very much less 
likely to occur and many cases will have their acute rheumatic fever attack 


cut short and cardiac damage greatly reduced. 

Once the symptoms and signs of the acute attack have subsided the treat- 
ment of the convalescent patient commences. Naturally the degree of mus- 
cular activity allowed will depend on the recent cardiac damage. This asycct 
of the problem, however, cannot be discussed in this article which is con- 
cerned solely with the problem of the beta streptococcus in the rheun\tic 
fever state. It is now of the utmost importance that the patient shall be jro- 
tected from further beta streptococcal infection. This has been shown by 
many experiments both in England and America to be possible by the })ro- 
longed use of either penicillin or sulphonamide (20). Penicillin can be gi en 
by mouth daily, or in oily suspension by injection every two weeks. It is 1 ost 
effective and will protect over 99 per cent of susceptible patients. It has ‘he 
disadvantage of being fairly expensive over a prolonged period of years, nd 
unless it can be proved superior to sulpha, the latter in two dose of 
0.5 g per day, may be used. The most vexed question is how long should his 
prophylactic treatment be continued. The answer must be the longer the 
better, the actual number of years involved depending on the age of the « ‘ld. 
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It can be said that the longer the interval between recurrences the less the 
likelihood of a recurrence taking place, and that as a general rule the rheuma- 
tic fever reaction tends to become much less likely to occur after puberty in 
patients who have had an attack or attacks during childhood. Possibly a 
brief summary of the relevant points in a case history would serve to bring 
out the principles elucidated above:— 


Girl aged 13 years 


Previous history.—Attack of rheumatic fever at 5 years which had left child with 
an organic systolic murmur in mitral area. No recurrence had occurred till present 
attack seven and a half years later. 

Ilistory of present attack.—Developed a severe pharyngitis in late October 1953. 
Two weeks later developed a rheumatic fever recurrence with symptoms of acute ecar- 
ditis. E.S.R. = 70 m.m. first hour (Payne micro method). She was treated by a doctor 
belonging to her family with cortisone 200 mg daily for six weeks. During the treat- 
ment the signs of carditis disappeared and the E.S.R. returned to normal. No anti- 
biotic was given. Moon-face developed and cortisone was discontinued. Ten days 
later the temperature rose, tachycardia appeared, the heart became dilated and signs 
of general carditis such as gallop rhythm were present once more. The E.S.R. rose to 
40. At the same time acute frontal headache was complained of. Acute inflammation 
of the antra associated with beta streptococcal infection was found. 

The child was admitted to our service and immediately placed on crystalline peni- 
cillin 500,000 units twice a day and 60 grains sodium salicylate per day. The crystalline 
penicillin injections were continued for 10 days when they were replaced by oral 
penicillin 200,000 units 3 times a day. The blood salicylate was shown to be 20 mg 
per cent but as some side effects were noticed the dose was not increased further. 

Course.-In 12 days all symptoms had disappeared including the antritis and the 
E.S.R. had fallen to 10. Subsequently treatment with oral penicillin and salicylate 
was continued for three months when the salicylate, the dose of which had been 
previously reduced to 40 grains a day, was discontinued but the penicillin, now in only 
two doses of 100,000 units a day, was continued indefinitely. The heart is now compen- 
sated and does not appear appreciably more damaged than after the first attack of 
rheumatic fever at five years. 


Comment.—This may be described as a not-too-well-managed case, as is 
apt to be found in doctors’ families. After the first attack the prophylactic 
treitment was continued for some time and then discontinued without advice 
fron: the rheumatic heart clinic. Secondly, when a recurrence took place fol- 
low'ng a typical acute pharyngitis, no cultures were made and the patient 
was put on very full doses of ‘‘the latest remedy”’, cortisone, but no penicillin 
wa- given. Hence the subsequent relapse when she was taken off cortisone was 
to \e expected. Some may say that this relapse may have been simply the 
rel und phenomenon. This must be admitted as possibly correct but the 
prr ence of beta streptococci in association with the infection of the antrum 
su; sests that it may equally well have been a relapse or recrudescence. The 
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subsequent very satisfactory recovery of the child on both penicillin aid 
salicylate supports our general line of thought. 

Prevention of rheumatic fever depends upon the general acceptance of t!:e 
danger of beta streptococcal pharyngitis by the medical profession at larve 
who must take this infection much more seriously than they do at present and 
treat every case of the condition energetically with antibiotics from the first 
signs. Throat cultures are of the greatest importance but these must be taken 
when the child is first seen and before the administration of penicillin or other 
antibiotic as if taken afterwards will tend to be negative and give a false seise 
of security. (It is our observation that within 12 hours of injection with peni- 
cillin the organism may fail to grow from the blood agar plate though the 
throat swab contained exudate from the tonsil.) 

Finally we wish to add one word on the question of tonsilectomy. Our 
work has shown that children actually dying of rheumatic carditis usually 
have retained their tonsils and not uncommonly that beta streptococci can 
be grown from the centres of these tonsils at autopsy. Hence, although we ure, 
of course, aware that beta streptococcal pharyngitis can occur in the absence 
of tonsils and cause rheumatic recurrences, it is our custom in all patients who 
have recovered from an attack of rheumatic fever to have their tonsils re- 
moved under a penicillin and salicylate cover when completely quiescent 


from the disease. 


Summary and Discussion 


We have reviewed the long and varied story of the investigations into the 
cause of rheumatic fever, starting from the days when it was confidently 
thought to be a simple disease syndrome following Kocu’s postulates, like 
many other diseases the germ being thought to be a non-haemolytic diplo- or 
streptococcus, up to the present day when one of the most authorative British 
journals, The Lancet, states dogmatically in the first sentence of its primary 
leading article on July 12th, 1952: “‘Acute rheumatic fever is a complication 
of a group A beta streptococcal infection of the throat of a susceptible perso”, 
and goes on to discuss the mechanisms possible to bring this about. 

With our present knowledge only two possible explanations are tena’ le, 
first that the phenomenon of rheumatic fever is due to a changed body 1 \¢ 
tion to certain products of the beta streptococcus, or secondly that the | ‘ta 
streptococcus prepares the body for an unknown virus or actually carries he 
virus to the patient. The second hypothesis appeals to the general critic © 0 
has not studied the subject very closely, and feels unconvinced of the for ier 
hypothesis. But no such virus has been found, nor are there any rea: ns 
leading workers in this field even to suspect such an unusual agent of disc se, 
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nor if one was suspected would its association with the beta streptococcus be 
any easier to explain than the antigen-antibody or changed-body-reaction 
hy pothesis which now holds the field among the majority of workers who 
have studied the condition minutely. Indeed the reverse is the case and there 
is even some animal experimental evidence to show how the mechanism 
of the disease may work. MuRPHY and Swirt (22) for instance have demon- 
strated microscopic lesions in the hearts of rabbits resembling closely those 
of rheumatic fever in the human, in animals which had been repeatedly in- 
jected intradermally with group A beta haemolytic streptococci. Previously 
ticH et al. (25) had shown that lesions could be produced in animals which 
were similar to those of rheumatic carditis as a result of anaphylactic hyper- 
sensitivity. We admit that ultimate proof of this hypothesis must await either 
the complete confirmation of MURPHY and SwIFT’s line of experiments or the 
isolation of a definite antigen obtained from the beta streptococcus capable 
of causing the rheumatic fever reaction. In the meantime, however, we sub- 
mit that the evidence of the association of the beta haemolytic streptococcus 
and acute rheumatic fever is overwhelming and that if this is accepted and 
made the basis of therapy we are confident that the disease can be prevented 
if the streptococcal infection can be prevented. This means that active meas- 
ures in general to prevent beta streptococcal pharyngitis, particularly in 
semi-isolated communities, will lower the incidence of first attacks of rheu- 
matic fever, and prevent almost altogether recurrences. Further we ourselves 
believe that if the antigen-antibody theory is accepted as a working hypothe- 
sis, the actual attack itself can be modified by the proper administration of 
drugs belonging to the salicylate group and hormones of the suprarenal 
cortex. 

We have also shown that the latter agents should not be used alone, but 
their therapy should be combined with an attack upon the antigen (the beta 
streptococcus) by means of prolonged treatment with antibiotics, and that 
when this is carried out marked amelioration of the rheumatic fever process 
can be obtained. 
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From the Pediatric Clinic of the University of Amsterdam. 


Congenital Idiopathic Hypoprothrombinemia’ 


by S. VAN CREVELD 


In the course of years a number of cases has been described in the literature 
under the name of “idiopathic hypoprothrombinemia’’. These cases were 
characterized by symptoms of hemorrhagic diathesis, with a prolonged pro- 
thrombin time as the only abnormality; this was considered to be the cause 
of the occurrence of the hemorrhages. In those cases, however, none of the 
conditions which may cause hypoprothrombinemia, were present. There was 
no question of a primary or secondary deficiency of vitamin K, of liver 
disease, nor of anticoagulants (dicumarol) or of salicylates medication. No 
circulating anticoagulants (such as antithrombin and heparin) could be 
demonstrated in the blood, while the fibrinogen content, number of throm- 
bocytes, and the function of the capillaries were normal. 

Two forms of idiopathic hypoprothrombinemia were distinguished: the 
congenital or familial form and the acquired form. 

The congenital or familial form of idiopathic hypoprothrombinemia shows 
symptoms of a hemorrhagic diathesis from birth or a very early age. A heredi- 
tary factor was clearly present. Before we encountered the cause of this dis- 
ease it was thought to be hemophilia, because the coagulation time of the 
blood was often prolonged, while morphological deviations in the blood were 
absent, as in hemophilia. 

The disease occurred in both sexes without any preference for males. More- 
over in the family of most cases there were persons, male as well as female, 
showing a hypoprothrombinemia without symptoms of a hemorrhagic dia- 
thesis, apparently because the hypoprothrombinemia was only slight. 

It was already known that patients with congenital idiopathic hypo- 
protiirombinemia were refractory to vitamin K, even large doses. As clinical 
characteristics of the congenital idiopathic hypoprotkrombinemia, the chronic 
cou':e with prolonged hemorrhages from wounds and mucous membranes 
are ‘eseribed, together with ecchymoses on the skin, hemarthros, hematuria, 
epis' axis, menorrhagia and metrorragia, rectal hemorrhages, hematothorax, 
hen .temesis and cerebral hemorrhages. 


his investigation was made possible by the Netherlands Organisation for Applied 
Scie tifie Research (T.N.O.). 
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Next to this congenital form the acquired one is described, in which t.i.e 
symptoms of hemorrhagic disease become manifest after childhood and 
where the pathogenesis of the prothrombin-deficiency is still unknown. It 
stands to reason that this diagnosis ‘‘acquired idiopathic hypoprothrombit e- 
mia” is only justified when the above-mentioned causes of hypoprothro:n- 
binemia have been excluded. The clinical course of the acquired hypopro- 
thrombinemia is acute. The patients either recover or die within a few days 
due to the hemorrhages. A chronic course with repeated hemorrhages, as is 
seen in the congenital form, has not been observed. 

In this acquired form no therapeutic effect was seen from blood trans- 
fusions on the hemorrhages nor from the usual therapy with vitamin K. 
Large doses of vitamin K, however, in the form of the highly effective vitamin 
K-oxyde intravenously, showed a favourable influence (FERGUSON; WRIGiIT; 
WINTROBE). 

Lately it has become doubtful whether the cases described as congenital 
idiopathic hypoprothrombinemia were indeed true cases of this disease; the 
question arises whether the hemorrhagic diathesis was not caused by a de- 
ficiency of a coagulation factor other than prothrombin. This doubt arose on 
account of the changes in our conceptions about the factors which are active 
in the conversion of prothrombin. Until some years ago it was rather generally 
accepted in the clinic that the conversion of prothrombin into thrombin at 
coagulation could take place only with the aid of thromboplastin and calcium. 
At the moment we know, however, that this conversion of prothrombin into 
thrombin is influenced by at least two other factors. Before the discovery of 
these prothrombin conversion factors it was thought that only a decreased 
prothrombin content of the plasma could cause a prolongation of the pro- 
thrombin time. We know that such a prolonged prothrombin time can «lso 
be caused by a deficiency of one of these new conversion factors or by a ¢om- 
bination of one or both of these factors with a prothrombin deficiency. A 
prolonged prothrombin time, found in a case of hemorrhagic diathesis, may 
therefore have a different cause. 

The prothrombin conversion factors under consideration have been studied 
by various authors, who have named these factors differently. In indica‘ ng 
the first prothrombin conversion factor we usually make use of the name gi en 
by SEEGERS, plasma accelerator globulin, and for the second factor usu: lly 
the name given by OWREN, proconvertin, is used. 

Synonyms for plasma-accelerator globulin of SEEGERS are: 


Labile factor (QUICK) 

Pro accelerine or factor V (OWREN) 
Accelerator factor (FANTL and NANCE) 
Cofactor of thromboplastin (HONORATO) 
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Prothrombin converting factor (Jacox and Bays) 
P.P.C.F. (STEFANINI). 


or the corresponding factors in serum the following names are used: 


Serum accelerator globulin (SEEGERS) 
Accelerine (OWREN) 
Serum accelerator (STEFANINI). 


Synonyms for proconvertin (OWREN) are: 


S.P.C.A.-preecursor (ALEXANDER) 

Factor VII (KOLLER et al.) 

Prothrombin accelerator (MACMILLAN) 
Prothrombin conversion factor (OWEN et al.) 
(‘o-thromboplastin (MANN et al.). 


For the corresponding factors in serum the following names are used: 


Convertin (OWREN) 
S.P.C.A. (serum prothrombin conversion accelerator) (ALEXANDER). 


The consequence of these recent findings is that we now have to differen- 
tiate true from pseudo-hypoprothrombinemia. 

Pseudo-hypoprothrombinemia may be caused by deficiency of plasma 
Ac-globulin and by deficiency of proconvertin (S.P.C.A.-precursor). Both 
deficiencies cause clotting anomalies associated with pathological bleeding. 
In the light of these changes in our conceptions, cases designated earlier as 
congenital or idiopathic hypoprothrombinemia, had to be reconsidered. 
The re-evaluation has led to the conclusion that the greater part of the 
cases described under the name of congenital idiopathic hypoprothrombinemia 
were not such cases. 

One of the two prothrombin conversion factors (plasma accelerator globu- 
lin) has been discovered some time before the other (proconvertin). It was 
therefore difficult to decide whether previously described cases with a pro- 
longed one-stage prothrombin time were due to congenital and idiopathic 
hypoprothrombinemia or due to plasma accelerator globulin deficiency 
(pro.ccelerin = labile factor = factor V). At the moment we know, however, 
that a deficiency of proconvertin may also cause a prolonged one-stage pro- 
thr mbin time. In such cases the use of the term “hypoprothrombinemia”’ is 
not justified. Certain cases of pseudo-hypoprothrombinemia have been 
pul ished (familial and non-familial), in which the cause was either a congeni- 
tal proacecelerin deficiency (a condition called parahemophilia by OwREN), 
or» proconvertin deficiency. The occurrence of congenital hypoproconvertine- 
mi: has been stressed especially by ALEXANDER et al. and by OWREN. 
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Cases originally described as idiopathic hypoprothrombinemia have r:- 
cently been re-examined by some of their authors and in this way it was found 
that the prolonged one-stage prothrombin time was not due to a deficiency »f 
prothrombin but to that of a non-prothrombin factor. QUICK distinguish: d 
hypoprothrombinemia due to a true shortage of prothrombin, pseudo-hypo- 
prothrombinemia due to a shortage of labile factor, and pseudo-hypopro- 
thrombinemia due to a still unknown factor. Frick and HAGEN found thit 
the case of a familial hemorrhagic diathesis which they formerly had <de- 
scribed as a prothrombin deficiency, was in fact caused by a deficiency of 
SPCA (=convertin). In most cases described as cases of “idiopathic hypo- 
prothrombinemia”’ it is not clear whether the disturbance was due to a de- 
ficiency of prothrombin or to prothrombin conversion factors. Congenital 
familial hypoprothrombinemia seems to be a rare condition. SOULIER found 
recently among a large series of various hemorrhagic diatheses not one single 
case of true congenital familial hypoprothrombinemia. 

We had the opportunity to observe a family of which several members 
were suffering from genuine congenital idiopathic hypoprothrombinemia. 

The family R. consists of husband, wife and 13 children. The 14th child, a girl, 
died at the age of two days. Six (4 boys and 2 girls) of these 13 children (9 boys and 
and 4 girls) showed a hemorrhagic diathesis, characterized by epistaxis, subcutaneous 
and intra-articular hemorrhages. In the family no hemorrhagic tendency was known, 
with the exception of a paternal nephew who died at the age of 8 days without a diag- 
nosis. There is no consanguinity between the parents R. In the family of the father is 
one case of mental deficiency. The mother had five abortions; there had been no ab- 
normal loss of blood, neither at the abortions nor at the many deliveries. 


The clinical symptoms of the children with hemorrhagic diathesis «are 
hemarthros and severe hemorrhages occurring after the slightest trauma. One 
of the boys has suffered from a subarachnoideal hemorrhage. In the father, 


TABLE 1 
Congenital idiopathic hypoprothrombinemia. 
Wim Louis Antje Mari: 
Father fother (12 yrs) (8 yrs) (6 yrs) (4 yz 
Clotting time . normal normal | prolonged | prolonged | prolonged | prolon.d 
Clot retraction a es normal normal decreased | norma 
Number of thrombo- 
Anti-hemophilic factor 
Heparin tolerance . os an prolonged | prolonged | prolonged | prolo: d 
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TABLE 2 


Congenital idiopathic hypoprothrombinemia. 


Special investigation in patient Antje (6 years old) 


Clotting time 40 minutes 
Clot retraction 32 % 
No. of thrombocytes 324,000 
Heparin tolerance prolonged 
Christmas factor + 
P.T.A. (ROSENTHAL + 
Plasma Ac-globulin . ....... 14U 
(normal 13-17 U) 
Prothrombin time. . . .. . . . highly prolonged 
Prothrombin 2-stage ...... . 27 U/ml, 32 U/ml, 53 U/ml 
(normal 275-350 U/ml) 
Oral administration of vitamin K . . no effect upon prothrombin and upon proconvertin 


mother and in four of these six children with a hemorrhagic diathesis we first 
examined certain clotting factors, summarized in Table 1. 

The parents did not show any anomalies of these factors; the four children 
with hemorrhagic diathesis, on the contrary, had a prolonged coagulation 
time of the blood, a normal or nearly normal retraction of the blood clot, a 
normal bleeding time and a normal thrombocyte count. The plasma of all 
four children exerted a normal coagulation promoting activity on the blood 
of an hemophiliac. The heparin tolerance of the blood of the four children, 
examined according to the method described by us, was disturbed, probably 
due to the prolonged coagulation time. 

We estimated a number of coagulation factors in one girl and in one boy 
with the hemorrhagic diathesis; the results of this investigation are summarized 
in Table 2. 

yom these determinations it appears that in this patient there was no 
deficiency of factor V (plasma Ac globulin); the proconvertin content was 
low. but not excessively so. The repeated two-stage prothrombin determina- 
tio: pointed to a greatly diminished prothrombin content of the plasma. Oral 
adn iinistration of vitamin K did not exert any influence on the prothrombin 
an’ on the proconvertin content. 

for a more extensive examination of the other children of the family R. 
wit» symptoms of a hemorrhagic diathesis, a boy, 12 years old, was admitted 
to he Children’s Clinic. He was born spontaneously at term, with a birth- 
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weight of 4 kg. The mental and bodily development was normal; till now i.e 
has had no special diseases. 

When this boy started walking it was observed that the slightest traunia 
‘aused blue spots. In 1949 he was admitted elsewhere on account of a cerebral 
hemorrhage; the symptoms (headache, vomiting, squinting) disappeared 
without any therapy. After that the boy repeatedly suffered from epistaxis 
and intra-articular hemorrhages (elbows, knees). In 1952 he had a big sub- 
cutaneous hemorrhage on the left hip, which ruptured spontaneously and 
which healed with a sear. 

This healthy-looking boy with a normal intellect had no abnormalities of 
heart and lungs. All joints could be moved normally. Rumpel-Leede and 
capillary resistance, determined by means of the suction method, were normal. 
Examination of the blood: bleeding time: normal; prolonged coagulation 
time (30 min.); prothrombin time after Quick: prolonged; thrombocyte count: 
185,000; retraction of the blood clot after MacFarlane: normal (64 %); content 
of plasma Ac-globulin and of plasma proconvertin: normal (16 U/ml and 
51%, respectively); prothrombin content permanently and markedly de- 
creased (10 U/ml). In urine and feces no abnormalities. Blood picture normal. 
Liver function tests (galactose test, thymol-turbidity test) no abnormalities. 

The influence of the patient’s plasma on the prothrombin content of nornial 
plasma was examined, after incubation of both in various dilutions for 1 hour 
at 37° C; no influence could be demonstrated (Table 3). 

Oral administration of 20 mg vitamin K daily for six days had no influence 
at all on the prothrombin content. 

It appeared that one hour after the transfusions of 500 ml of fresh blood the 
prothrombin content of the plasma remained unchanged. Intravenous in- 
jection of 50 mg vitamin K, (each time on two successive days) had no 
influence on the prothrombin content. 

We concluded that this family showed a congenital idiopathic hypopro- 
thrombinemia. In the members of this family who have been extensively 
examined the prothrombin content was permanently decreased and could 
not be increased by any of the usual methods. 

The observation of the cases in this family, characterized by the }«r- 
manently decreased prothrombin content of the plasma, offered a spe: ial 
opportunity for the examination of the problem where the formation of 


thromboplastin takes place. 

This part of our examination was performed in co-operation with r. 
MocutTar. First we want to give a further explanation. 

Most modern theories concerning blood coagulation start from the « )n- 
ception that this coagulation takes place in two stages. In the first si \ge 
thromboplastin is formed by the united action of several factors. In the sec nd 
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TABLE 3 


Influence of the plasma of patient W.R. upon the prothrombin content of 
normal plasma. 


Plasma W.R. Normal plasma 
(Prothrombin 10 U/ml) |(Prothrombin 305 U/ml) 
ml ml U/ml 
1 17 
2:9 0.1 28 
0.9 0.1 36 
0.1 0.9 240 
ne 1 306 


phase, under the influence of thromboplastin, calcium and the new pro- 
thrombin conversion factors (accelerin and convertin), prothrombin is con- 
verted into thrombin. And this thrombin converts fibrinogen into fibrin. 

Disturbances in thromboplastin formation are characteristic for various 
diseases with hemorrhagic diathesis. The thromboplastin generation test, 
recently described by BIGGs and DOUGLAS, gives the opportunity to make in 
a rather simple way a differential diagnosis between hemophilia, the disease 
resembling hemophilia, called P.T.C.-deficiency or Christmas disease, and a 
hemorrhagic disorder caused by a shortage in factor 3 of the platelets. By 
this method the thromboplastin formation is investigated by incubating the 
factors necessary for this formation. These factors are the anti-hemophilic 
factor (A.H.F.), P.T.C.-factor and platelet factor... As source of A.H.F. 
plasma treated with Al(OH), or BaSO, is used. Al(OH), and BaSO, remove 
prothrombin, P.T.C.-factor and proconvertin. As source of P.T.C. serum is 
taken and the necessary platelet factor(s) are present in a suspension of 
washed platelets. If one of these factors is lacking, the thromboplastin- 
generation test gives an abnormal result. The plasma of our patients, which 
was practically free from prothrombin, in combination with the washed 
platelets, contained however all factors necessary for thromboplastin forma- 
tion. 

.\ still more exact insight into the thromboplastin formation should be ob- 
tained if all factors active in this process could be incubated in a purified 
fori), but as yet this is still impossible. 
starting from plasma of one of our patients with a permanently very 
low prothrombin content, the thromboplastin formation could also be ex- 
am '.ed in a more exact way. For this purpose we diluted the plasma of our 
patent W. R., which contained only 17-30 U of prothrombin, in such a 


_ * The third plasma thromboplastin factor P.T.A. described by RosENTHAL and coworkers, 
IS p. ovisionally left out of consideration here. 
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TABLE 4 


Thromboplastin activity of patient’s plasma in combination with platelet suspensi:n 
and calcium. 


T Incubation time in min. 
est 
Incubation-mixture Substrate No 
0.3 ce prothrombin de- Olitting time in 200 
ficient plasma Pat. R. 
1:5 platelet-free I 40} — 18} 13] 14 |—] 20 
0.3 ce platelet suspen- 
II 46 | — | 20| 15] 13] 13 | — | 14] 14} 21 
sion 300,000/mm 
0.6 ce M/40 CaCl, 


way that we obtained a plasma which was unable to form any thrombin. It 
was not necessary to remove prothrombin from the plasma by treating with 
Al(OH), or BaSO,. To this diluted plasma we added a suspension of normal 
washed platelets and calcium; this mixture was put into a water bath at 
37° C. The proportions were as follows: 

0.3 ml of citrated plasma of patient W. R., in a dilution of 1:5 


0.3 ml of a suspension of normal washed platelets 
0.6 ml of M/40 CaCl,. 


At the moment when CaCl, was added, the mixture was incubated at 37° C. 
With intervals of one minute each time 0.3 ml of this mixture was put into an 
agglutination tube which contained already 0.1 ml of normal platelet-free 
plasma; then the time of the appearance of the first fibrin threads was noted. 
This time was indicated as coagulation time. The results are summarized in 
Table 4. From this table we see that after incubating for 5 minutes by means 
of addition of 0.3 ml of the incubation-mixture to 0.1 ml of normal platelct- 
free plasma, the coagulation of this plasma took place in 12 seconds. he 
mixture of plasma poor in prothrombin, blood platelets and calcium shows a 
very distinct thromboplastin activity after incubation. The coagulation was 
not the consequence of thrombin that had eventually been formed in ‘he 
incubation-mixture, and this could be demonstrated by us in the following 


way. 

Addition of a quantity of the incubated mixture to a solution of fibrino en 
caused the onset of coagulation only after 180 seconds or longer. Here «ily 
an exceedingly small quantity of thrombin can have exerted an influei “e, 
which certainly was unable to produce the above-mentioned short coag la- 
tion time of 12 seconds after addition of the incubation-mixture to the nor ial 
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TABLE 5 


Tiromboplastin activity of patient’s BaSO,-plasma in combination with platelet 
suspension and calcium. 


Incubation time in min. 
Test 
Incubation-mixture Substrate No 
0.3 ce BaSO,-plasma Clotting time in sec. 
Pat. R. 1:5 
platelet-free | 1120] — | 92] —| 68 | —| 72| | 90 
0.3 ce platelet suspen- normal 
sion 300,000/mm? plasma II 98} —| 88 |—| 82|—| 70] —|75}]—|— 
0.6 ee M/40 CaCl, 


If before the incubation with the platelet suspension and the CaCl, solution, 
the plasma poor in prothrombin had first been shaken with BaSO, (here we 
used BaSO, instead of Al(OH),), the whole mixture after incubation at 37° C 
did not show any thromboplastic activity (Table 5). Apparently by shaking with 
BaSO, a plasma factor has been adsorbed which is required for the thrombo- 
plastin formation. The factor which has been adsorbed by BaSO, cannot be 
identical with the anti-hemophilic factor, as the latter is not absorbed from 
plasma by means of BaSO,. The thromboplastic activity of the mixture 
could be restored by the addition of old serum (Table 6). This means that the 
factor which, apart from a.h.f. and blood platelets, is necessary for the throm- 
boplastin formation, may be adsorbed from plasma by means of BaSO,, and 
that the same factor is present in old serum. What is this factor? Is it pro- 
convertin which during the coagulation has been converted into convertin? 
Indeed it appears that this factor may be adsorbed from serum by BaSQ,. 
In normal serum convertin maintains its activity for a long time. With the 
method of OWREN we were able to demonstrate a normal quantity of pro- 
convertin in the plasma poor in prothrombin of our patient. In keeping the 
serum of our patient at 37°C for 5 minutes the convertin present in this 
serum was inactivated; the heated serum, however, still maintained its throm- 
bop lastin-forming activity. So the thromboplastic factor which is adsorbed 
fro: plasma by BaSO, and which is present in heated serum, could not be 
pro-onvertin, but must be the new factor P.T.C. (=Christmas factor). The 
fac’ that the plasma of the members of the family with congenital idiopathic 
hy;oprothrombinemia described in this article contained only very small 
am unts of prothrombin has therefore made it possible to demonstrate in a 
ne way the presence in plasma of a recently described new clotting factor, 
the absence of which causes a new hemorrhagic disorder. 
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TABLE 6 


Thromboplastin activity of patient’s BaSO, plasma in combination with plate ct 
suspension, old serum and calcium. 


T Incubation time in min. 
est 
Incubation-mixture Substrate No 
frofis 
0.3 ee BaSO,-plasma Clotting time in sec. 
Pat. R. 1:5 
I 55 |-— | 29] 14] —] 13] 13]— | 15] 16] 18 
0.3 ee platelet suspen- platelet-free 
sion 300,000/mm? normal Ir |66|—|32]—] 18] 16] 15] 15] 16] 17] 19 
0.3 ee old serum Pat. R. plasma 
III 60 | — | 21} 13]—] 13} — | 16] 19 
1:10 
0.9 cc M/40 CaCl, 
Patient R. Prothrombin 17 U/ce. 
Summary 


Attention is drawn to the fact that a prolongation of the prothrombin time 
existing from birth may be due to a decrease of prothrombin, to a decrease of 
the recently described prothrombin conversion factors, and to a combination 
of both. Therefore, apart from true hypoprothrombinemia, pseudo-hypo- 
prothrombinemia must be distinguished. These advances in our knowledge 
make it necessary to reconsider cases earlier indicated as congenital idiopathic 
hypoprothrombinemia. 

A family with true congenital idiopathic hypoprothrombinemia is <le- 
scribed in detail. With the plasma of one of the members of this family ‘he 
problem of the formation of thromboplastin was studied. 
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Clinique Médicale des Enfants. Université de Paris. (Chef: Professeur 
ROBERT DEBRE.) 


Le Nanisme avec oligurie et oligodipsie 


par ROBERT DEBRE 


En 1937, nous avons décrit avec J. MARIE (5), un syndrome associant un 
nanisme avec infantilisme et un trouble du métabolisme de l’eau que caraec- 
térisent loligodipsie, l’oligurie, ’opsiurie et la permanence de densités urinaires 
élevées. En 1947, nous ajoutions avec J. MARIE (6) deux nouvelles observations 
4 notre premier cas et, la méme année (1947), G. DoLIvo a la Clinique Infantile 
de Ziirich en étudiait, indépendemment de notre travail, trois exemples (3). 
En 1948, notre éleve R. MALLET faisait la synthése de ces observations (15). 
En 1954, M. Lamy, M. AUSSANAIRE, M. L. JAMMET et J. L. CAMUS présentaient 
un autre exemple de ce syndrome a la Société de Pédiatrie de Paris (14). 
Enfin, avec P. Royer, J. J. ALLOITEAU et A. SPAHR, nous venons den 
examiner une observation nouvelle dont nous ferons état ici et que nous 
avons présentée a la Société de Pédiatrie de Paris (7). 


L’ensemble des anomalies morphologiques, endocriniennes et métaboliques 
présentées par ces huit malades évoquent celles du nanisme hypophysaire. 
Toutefois, le trouble du métabolisme hydrique, qui a le plus retenu notre 
attention, ne semble pas habituel dans ce type de nanisme. Certes, GILFOD, 
dans sa description de |’ Ateleiosis, signale la diminution de la diurése (|); 
mais ce signe n’est pas noté dans les descriptions ultérieures et dans son triité. 
L. WILKINS, qui en évoque la possibilité théorique, dit ne jamais l’a: oir 
observé (21). Aussi nous semble-t-il utile d’isoler dans le cadre du nani:me 
hypophysaire, une variété accompagnée d’oligurie avec oligodipsie. Ceci our 
deux raisons : d’une part, 4 cause de l’intérét porté par les médecins e: les 
physiologistes au réle diurétique du lobe antérieur de l’hypophyse; d’a itre 
part, en raison de la valeur sémiologique de la découverte de ce trouble « « la 
soif et de l’élimination aqueuse chez un enfant nain, trouble qui doit ire 
soupconner la nature hypophysaire de son nanisme. 

Voici d’abord le résumé de nos observations dont les détails ont ¢ 


vont étre publiés ailleurs (5, 6, 7, 15). 
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Observation 1: Ga... Jacques 


Antécédents personnels 


Enfant né a terme, ne pesant que 2040 g. Depuis sa naissance, quoique petit, il 
semble avoir récupéré une partie de son retard pondéral. Mais les parents ne peuvent 
fournir de chiffres précis quant 4 la taille et au poids. 

\ 18 mois, les parents remarquent la médiocre croissance de leur enfant. De 18 
mois & neuf ans, on ne reléve aucun épisode pathologique important. Seuls, quelques 
troubles fonetionnels sont signalés par les parents : anorexie, céphalée, vomissements 
assez fréquents et surtout fatigabilité rapide. Par contre, le développement psychique 
est normal. Signalons encore que enfant se plaint souvent des jambes, surtout de la 
jambe droite, et qu’il a présenté 4 diverses reprises, une tuméfaction brusque et 
douloureuse de la bourse droite. Nous avons pu assister une fois 4 ces manifestations 
que nous avons rapportées 4 une torsion passagére de l’hydatide pédiculée de Morgagni. 


Antécédents héréditaires 


Pére : de développement normal. Taille 1,69 m. Présente des troubles hépatiques, 
liés 4 un éthylisme professionnel. Mére : taille 1,60 m. Une sceur, Agée actuellement de 
huit ans et demi, a un développement normal et sa taille dépasse déja celle de son 
frére, de cing ans son ainé, 


Examen le 17 décembre 1937 


enfant, 4gé de treize ans, frappe immédiatement par le retard considérable de 
son développement corporel. Il mesure 1,15 m, pése 20,2 kg. 

le nanisme est remarquable par le retard considérable du développement des 
organes sexuels. La verge est minuscule, comme celle d’un nourrisson; les testicules 
sont en place dans les bourses, mais petits et durs. A part cet état rudimentaire des 
organes génitaux, laspect morphologique de l’enfant est normal. Son nanisme est 
harmonieux, et les proportions entre le volume de la téte, la longueur du trone et 
celles des membres sont normales. Lorsqu’on le compare, céte a céte, 4 un enfant de 
six ans, rien ne choque dans la morphologie du malade, en dehors de l’aspect des 
organes sexuels. Signalons cependant l’aspect triangulaire de la face avec le fort dévelop- 
pement du front, réalisant aspect cranio-facial du type cérébral hipocratique. Le 
mavillaire inférieur est petit, le menton pointu, mais sans rétrognathisme. On constate 
un retard notable de l’éruption dentaire. I] n’existe aucun signe de rachitisme ni 
aucine déformation squelettique du rachis et des membres. On note, au niveau du 
tégu ment du front, un noevus paramédian gauche, en bande verticale, dont la teinte 
plu. foneée disparait 4 la pression. Quelques taches pigmentaires siégent au niveau du 
dos «t sous le mamelon gauche. L’examen viscéral est négatif : cour, poumons, foie, 
rate sont normaux. Le pouls bat a 60. La tension artérielle est de 9—9,5. La cuti- 
réa tion est négative. L’examen neurologique ne révéle aucun signe d’accompagnement, 
en varticulier aucun signe oculaire. Nous avons déja signalé que lintelligence de 
le: ant était vive. Les radiographies du squelette sont normales. En particulier, les 
din -nsions de la selle turcique sont normales et on ne distingue pas de concrétions 
su; -asellaires, comme dans les tumeurs de la poche de Rathke. Les cartilages de 
Co}, ugaisons ne sont pas encore soudés. 
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(Obs. 1). 


Examens complémentaires 


a) Urines : ne renferment ni sucre, ni albumine. Cytologie normale. 
b) Hémogramme du 13 décembre 1937 : leucocytes 7500 —- hémoglobine 70 


hématies 4425000 — polynucléaires neutrophiles, 49 — polynucléaires éosinop)iles. 


9 — polynucléaires basophiles, 2 — moyens mononucléaires, 36 — lymphocytes, +. 
c) Epreuve d’hyperglycémie aprés ingestion de 30 g de glucose pur : 


» C0 mmutes 4.464 « 
» » minutes. «1s 
» 185 mmutes...... . . O80 


d) Examen chimique du sang (p. 1000) : 


totaux. 11 g 


Figure 1. Syndrome de nanisme avec oli- 
godipsie et oligurie. A droite, le malade. 
A gauche, un enfant normal du méme age. 
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albumines totales. ..... . . 72,80 
chlore plasmatique ....... 3,51 g 


e) Hormone gonadotrope urinaire : moins de 10 unités souris. 

{) Métabolisme basal : diminué de 13% par rapport 4 un gargon de méme Age. 

|, hospitalisation du malade a permis de découvrir deux ordres de troubles insoup- 
connés : Pun, intéressant la régulation thermique, l’autre, de beaucoup le plus im- 
portant, intéressant la régulation du métabolisme de l’eau. 

| — Troubles de la régulation thermique : ils consistent essentiellement en hypo- 
thermie permanente, assez remarquable puisque la température matinale est de 
35°6 a 36° et celle du soir de 36°2 a 37°. 

2 — Troubles du métabolisme de Veau : ’enfant boit peu. I] se contente le plus souvent 
de 250 a 300 ce de boisson par jour. Pour réaliser l’épreuve de l’eau, on doit lui faire 
ingérer en une demi-heure, 400 g de thé trés léger sucré. On éprouve 4 chaque épreuve, 
de grandes difficultés pour arriver a lui faire ingérer cette quantité relativement 
abondante dans un laps de temps restreint. Parfois, on a di se contenter d’une ingestion 
de 350 g pour éviter le vomissement qui aurait empéché de réaliser l’épreuve. 

enfant urine de 250 a 500 cc. Le nombre des mictions est habituellement de trois 
par 24 heures. L’enfant demeure sans uriner tout l’aprés-midi et presque toute la 
nuit, la miction la plus abondante étant évacuée au matin vers 5 ou 6 heures. Or, 
cette miction élimine la plus grande quantité de l’eau ingérée la veille, aux repas de 
midi et du soir. Cette étude du volume des urines démontre done Voligurie relative, le 
nombre restreint des mictions et le retard de V’élimination des liquides, c’est-a-dire 
une opsiurie remarquable. 

I,,épreuve de diurése provoquée montre une rétention dans l’organisme, pendant les 
quatre premiéres heures, des 9/10 de l’eau ingérée et une élimination tardive avec 
débit faible mais progressif. Le débit aqueux est de 10 ec en moyenne 4 l’heure pendant 
les quatre premiéres heures, de 15 ce en moyenne a l’heure pendant les six heures 
suivantes, de 30 cc dans les dix derniéres heures. Ainsi, ]’épreuve de l’eau montre que 
le liquide ingéré est retenu dans l’organisme dans sa presque totalité pendant les 
quatre premiéres heures, puis les tissus abandonnent peu a peu eau emmagasinée & 
un rythme de plus en plus accéléré pendant les heures nocturnes, pour aboutir 4 une 
abondante miction matinale. 

(Cn note la persistance de densités urinaires hautes et un pouvoir concentrateur du 
rein ‘levé en permanence. L’étude des densités des diverses mictions est fort instructive. 
Elle montre Vabsence de dilution, par suite de la faible élimination aqueuse. La 
den ité la plus faible fut de 1019 dans l’échantillon de 4 heures du matin; dans toutes 
les  1tres mictions, la densité fut toujours trouvée entre 1024 et 1029. Aprés quelques 
jou. de régime salé (régime sans sel + 10 g de sel), nous obtenons facilement un indice 
de « neentration de 4 pour le NaCl, c’est-a-dire l’indice de concentration maxima. Sans 
che ‘her 4 obtenir la concentration maxima pour l’urée, nous constatons, sans prépara- 
tio: un indice de 80. Ainsi, la haute densimétrie urinaire correspond a une forte 
con -ntration des substances extractives dans l’urine, en particulier NaCl et urée. 


j 
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Observation 2: As... Pierre 


Né le 19 Mai 1922, vient consulter a la Clinique de l’Hépital des Enfants Mala les 
le 26 décembre 1940, pour un retard staturo-pondéral considérable. En effet, 4gé de 
19 ans, ce garcon pése 23,9 kg et mesure 1,18 m. 


Antécédents personnels 


Enfant né a terme, par le siége, pesant 4300 ¢ et présentant deux malformations 
évidentes : un bee de liévre et une ectopie testiculaire. Le bec de liévre est opéré 
& lage de deux mois. 

Pendant les deux premiéres années, la taille et le poids n’ont jamais été vériliés, 
mais la mére affirme que la croissance de Venfant est normale. Vers la troisi¢me 
année, la mére s’apergoit que l’enfant est anormalement petit et ne grandit pas. 
Cette hypotrophie persiste les années suivantes, contrastant avec un développement 
intellectuel normal. A dix ans, pour la premiére fois, sa taille est mesurée a l’école. 
Elle est de 0,90 m. 

A 13 ans, il regoit une thérapeutique par extraits thyroidien et hypophysaire. De 
13 4 19 ans, il grandit seulement de 28 em. 


Antécédents familiaur 


Mére bien portante, mesurant 1,50 m, ayant présenté 7 grossesses. La premiére fut 
normale. L’enfant est devenu un adulte de 28 ans bien portant et de taille normale 
(1,70 m). Ensuite, se succédent 5 fausses couches, de deux 4 trois mois, spontanc¢es, 
puis une septiéme grossesse, concernant le sujet faisant objet de cette étude. 

Pére mesurant 1,68 m, mort accidentellement en 1936, 4 ans aprés la naissance de 


Pierre. 
Examen du 26 décembre 1940 


Le nanisme est trés marqué. La taille (1,18 m) et le poids (23,9 kg) sont ceux «’un 
enfant de 9 ans. Les formes sont de proportions normales, mais sans relief, avec une 
adiposité légére et diffuse. Le tour de téte mesure 53 cm. Le menton est petit, sans 
rétrognathisme. 

Le retard sexuel est considérable; non seulement les caractéres sexuels second tires 
sont absents, mais les organes génitaux sont hypotrophiques et comparables a «eux 
d’un nourrisson. Les testicules sont per¢us dans les bourses et sont du volume ‘l'un 
gros haricot. La verge est trés petite, d’une longueur de 2 em environ. 

L’intelligence est normale et ce gargon a été regu 4 la premiére partie du baccalau “at. 

La température est normale, la tension artérielle mesure en cm de mercure 9 6,5. 
Examen oculaire négatif, y compris le fond d’ceil. 


Examens complémentaires 


int 


1) Les radiographies révélent un retard important de lossification, se tradi 
par l’absence de soudure des cartilages dia-épiphysaires de tous les os des men 
Les sinus frontaux ne sont pas développés, la selle turcique est normale. 

2) Les fonctions rénales sont normales. 
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3) Le métabolisme basal est de — 9,5 %. 

4) Hémogramme : globules rouges, 4320000 — hémoglobine 90% — valeur glo- 
bulaire, 1,04 — leucocytes, 11700 — polynucléaires neutrophiles, 64 — polynucléaires 
éosinophiles, 2 — polynucléaires basophiles, 1 — lymphocytes 21 — grands lympho- 
cyies, 7 — monocytes 5. 

5) Epreuve d’hyperglycémie (ingestion de 20 g de glucose), g p. 1000 : 


glycémie a jeun . 0,01 
glycémie aprés 30 minutes .... . 1,01 
» » 60 minutes .... . 0,90 
» » 105 minutes .... . 0,63 
» » Smmutes .... O58 


6) Les troubles du métabolisme de l’eau (ce sont eux qui conférent 4 cette observa- 
tion un intérét particulier) : 

Le sujet, d’une facon habituelle, boit peu, et il lui est pénible d’absorber, en une 
demi-heure, les 500 ce nécessaires & la réalisation de l’épreuve d’Albarran-Volhard. II] 
lui fut méme impossible d’absorber les 700 ce qui avaient été prescrits lors d’un 
examen pour essayer de forcer la diurése. L’oligurie est habituelle aux environs d’un 
demi-litre. 

A Pépreuve de surcharge aqueuse, pendant les quatre premiéres heures, le sujet n’a 
rejeté que 154 ce soit moins du tiers de Peau ingérée. 

La quantité d’eau totale éliminée en 24 heures est de 522 ce. 

étude des densités montre que la densité la plus faible fut 1010, dans le seul 
échantillon de dix heures. Toutes les autres densités varient de 1018 4 1025. 

Apres régime fortement salé (10 g par jour), les 26, 27, 28 février 1941, la diurése 
atteint 443 ec, 759 ec, 784 ec et le taux de chlorures urinaires se maintient 4 16,96 g, 
14,56 g p. 1000 dans les urines de 24 heures. 


Observation 3: Dut... Guy 


Né le 19 mars 1929, entre dans notre service le 8 février 1944, pour un retard de 
croissance. En effet, 4gé de 15 ans, il mesure 1,30 m, pése 29,5 g et il n’est apparu 
aucun signe de début de puberté. 


Antécédents 


Né a terme, par le siége, poids de naissance inconnu, a semblé normal jusqu’a l’Age 
de 3 ans. Cuti-réactions négatives. Parents bien portants, le mére mesure 1,71 m. 
Réactions de Wassermann et de Kahn négatives chez la mére le 19 Mai 1944. Sceur 
déccdée de méningite a l’Age de 12 mois en 1927. 


Examen clinique 


es deux constatations essentielles sont l’insuffisance de la taille et ’hypotrophie 
rer arquable des organes génitaux. La taille mesure 1,30 m, le poids est de 29,5 kg. 
La morphologie de l’enfant est normale et les rapports entre les divers segments du 
colos paraissent proportionnels. Les mensurations segmentaires fournissent les 
ch’ ‘fres suivants : trone, 0,66 m, membres inférieurs, 0,68 m, longueur des pieds, 
0,2! m, longueur des mains (au médius) 0,15 m, membre supérieur gauche, 0,57 m, 
m« nbre supérieur droit, 0,55 m, tour de téte 53 cm. 
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L’ensemble du corps de cet enfant est comparable 4 celui d’un enfant de 8 ans. i. 
téte est normale, le menton petit, un peu triangulaire alors que le crane est birn 
développé. Les cheveux sont abondants, un peu secs, les cils nombreux, bien dessin: s; 
les sourcils clairsemés surtout au niveau de la queue. 

Le panicule adipeux est fourni, ébauchant un double menton, modelant les formes 
particuliérement au niveau du tronc, ot les seins sont gras. Au niveau des membres, 
la graisse de couverture est normale. Les mains sont fines et potelées. La peau est fire 
partout. Au niveau des membres, elle est séche et légerement desquamante. 

Le systéme pileux est complétement absent au niveau des régions pubienne « 
axillaire. I] n’existe que quelques rares poils 4 la face dorsale de la partie supérietire 
des avant-bras et un fin duvet au niveau des membres inférieurs. 

De nombreux noevi pigmentaires et vasculaires sont disséminés sur les téguments. 
On en compte, en négligeant les éphélides, une vingtaine sur le dos, du diamétre d’une 
lentille 4 un pois. On constate une plage café au lait au niveau de la créte iliaque. 

Les organes génitaux sont remarquables par l’insuffisance de leur développemeut, 
les deux testicules, qui peuvent étre abaissés dans les bourses, sont du volume d'un 
petit haricot et l'ensemble, verge et testicules, correspond aux organes génitaux d'un 
enfant de 3 ans. 

La régulation thermique de cet enfant n’est pas absolument normale; elle est souvent 
trés basse, 35,6°, 35,5°, 35,4°. 

L’examen des viscéres (poumon, coeur, rate, foie, systeéme nerveux) est normal. La 
tension artérielle mesure 10 cm de Hg pour le maxima et 7 pour le minima. 

L’appareil oculaire est entiérement normal, y compris le fond d’cil. Le systéme 
dentaire présente un retard considérable pour l’age de l’enfant. 

Le développement intellectuel de enfant est sensiblement normal. 

Les radiographies du squelette, en particulier de la selle turcique sont normales. 
On constate seulement un retard d’apparition du noyau olécranien au niveau (es 
articulations du coude. 


Examens de laboratoire 


1) Hémogramme : hématies 4400000 — hémoglobine 80% — valeur globulaire, 
0.90 — leucocytes 6600 — polyneutrophiles 41 — polyéosinophiles 13% — polybaso- 
phile 1% — lymphocytes 9 — grands et moyens lymphocytes, 28 — monocytes 38. 

2) Métabolisme basal : 4%. 


3) Dosages sanguins : urée 0,35 g p. 1000 — glycémie a jeun, 0,85 ¢ — chlore 
globulaire, 1,85 g — chlore plasmatique, 3,80 g — rapport érythroplasmati« ‘ie. 

Ci-P 
4) Epreuve d’hyperglycémie le 6 Mai 1944 — apreés ingestion de 50 ¢ de gluco 


5) Etude des mouvements de l’eau : elle a été poursuivie suivant la techni i¢ 
habituelle par l’épreuve d’Albarran-Volhard. On constate, dans ce cas, les caract: °s 
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Figure 2. Enfant de 15 ans atteint de nanisme 
avec oligodipsie. A gauche un enfant normal 
du néme age. (Obs. 2.) 


essetiels révélés par l’épreuve de l’eau au cours du syndrome oligodipsique, 4 savoir 
labsence de repos polyurique a l’épreuve de l’eau, la rétention de la plus grande 
partie de Peau ingérée, la persistance de fortes densités urinaires. 


Observation 4:G... Pierre, 17 ans 
Ainé de 6 enfants, né au 8© mois de la grossesse. Poids de naissance 3 kg. Premiére 
dent 4 6 mois, premier pas 4 14 mois. A 4 ans fiévre prolongée étiquetée rougeole, 
suivie d@’une longue convalescence. C’est 4 partir de ce moment la que les parents ont 
remarqué l’arrét de la croissance en taille. Il mesure 104 em 4 6 ans — 116 cm a 13 ans 
126em a 14 ans. II] n’est débarrassé, par avulsion, de ses dents de lait, qu’a 14 ans. 
I.-s parents sont normaux ainsi que ses fréres et sceurs. 


Examen 


17 ans, il mesure 137 cm et pése 31 kg. Le crane est volumineux, le visage un peu 
rid’ et vieillot, de forme triangulaire. Les cheveux sont normaux et les sourcils peu 
abe dants; il n’y a ni pilosité pubienne ni axillaire. La musculature est infantile et il 
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Figure 3. Nain de 17 ans avec syndrome d’oligodipsie- 
oligurie (a droite), a cété d’un enfant normal de 10 ans 
(a gauche). (Obs. 4.) 


existe une légére infiltration graisseuse abdominale et mammaire. La verge n’est pas 
absolument infantile, mesurant 6 em de longueur, car elle s’est nettement développée 
a la suite d’un traitement par les androgénes; les testicules sont du volume de ceux 
d’un gareon de la méme taille. Les dents sont mal implantées. Le malade est frileix, 
mais sa température rectale est normale (37°). Il urine et il boit trés peu, sa seule 
miction abondante se fait le matin au réveil. 


L’examen squelettique montre un Age osseux de 9 a 10 ans. La selle turcique est 


normale. 

Le fond d’ceil et le champ visuel sont normaux. 

Les fonctions endocriniennes ont été explorées par les épreuves suivantes: 

— fonction thyroidienne : cholestérolémie 1,11 g par litre; épreuve de Wilkins ® la 
thyroxine, positive; fixation de liode radioactif avant thyreostimuline, 30%, 
aprés thyréostimuline, 52%, 69%. 

— fonction androgénique : 17 céto-stéroides urinaires : 0,75 mg p. 24 h. 

— fonction glycorégulatrice : hyperglycémie provoquée : fléche de 0,20 eg, rei our 
a la normale en 1 heure, pas d’hypoglycémie réactionnelle. Epreuve a Vinsu ine 
(4 unités) : chute de 0,84 4 0,31 avec arrét de l’épreuve 4 la troisiéme heure en ra -on 
du malaise. 

L’étude de la diurése aqueuse est étudiée par l’épreuve de surcharge hydr jue 
d’ Albarran-Volhardt. Elle montre loligurie, le retard extréme de ]’élimination de \u, 
celle-ci se faisant vers la vingtiéme heure et la permanence de densités urinaires éley ¢s. 

4a méme épreuve est pratiquée sous traitement 4 hormone somatotrope © !a 
DOCA, et ! ACTH et la cortisone. Le trouble de l’élimination urinaire et des den. ‘és 
est corrigé uniquement par la cortisone et VACTH. 
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Nos observations sont done trés comparables et tout a fait voisines de 
celles de M. LAmy et de G. DoLivo. 

{1 s’agit de nains harmonieux, ayant une peau fine, un faciés juvénile avec 
un menton triangulaire et une face petite, un pannicule adipeux modelant les 
formes, mais sans obésité (fig. 1). Ils sont intelligents, facilement fatiguables, 
parfois hypotendus, volontiers frileux et hypothermiques. 

L’examen de leur squelette montre un retard de la maturation osseuse et 
de ossification du cartilage conjugal, la finesse et la clarté excessive de leurs 
diaphyses et dans un cas de DoLivo, un aspect pommelé du noyau de la téte 
fémorale. Ils ont constamment un retard important de la chute des dents de 
lait et de apparition des dents définitives. 

Bien que cet aspect rappelle celui du nanisme hypophysaire, on sait combien 
il est difficile d’affirmer celui-ci pendant l’enfance. Les arguments en faveur 
de Vorigine hypophysaire d’un nanisme sont au nombre de trois : 

La découverte par examen radiologique du crane et l’examen ophtal- 
mologique d’un craniopharyngiome ou d’une tumeur de la région hypophysaire 
est certes décisive. Elle fut absente dans les huit observations. 

existence de troubles particuliers de la glycorégulation est peut-étre 
l'argument le plus valable en faveur de l’origine hypophysaire d’un nanisme. 
Ces troubles sont : Vhypoglycémie a jeun, l’'anomalie de l’épreuve de charge 
en glucose qui conduit & une hyperglycémie faible et courte et a une hypo- 
glycémie secondaire profonde et prolongée, et la sensibilité extréme 4) injec- 
tion @insuline qui entraine une hypoglycémie intense et trop durable. Ces 
troubles existaient en totalité ou en partie dans les 8 cas. Leur interprétation 
est probablement complexe : ils dépendent éventuellement de Vinsuffisance en 
hormones thyreostimulante, diabétogéne et corticostimulante, insuffisance 
génant ala fois ’absorption intestinale, inhibition hexokinasique qu’activent 
au contraire linsuline et la néoglycogénése. 

Le dernier argument est apporté par l'étude des stimulines hypophysaires. 
Dans Vadolescence et a adulte, ’adjonction au nanisme d’un infantilisme 
avec abaissement du taux des 17 cétostéroides et des gonadostimulines urinaires 
apporte une preuve absolue de la nature hypophysaire du nanisme. Dans 
5 des observations, cette preuve a été administrée; dans les 3 derniéres, l’age 
des enfants et le manque de recul ne permettent pas de conclure. 
activité de la thyréostimuline est d’une appréciation délicate. Le retard 
de maturation squelettique et V’hypothermie ne sont probablement pas 
d’o:igine thyroidienne. Le métabolisme basal est parfois un peu bas, parfois 
un peu élevé ou normal. Le cholestérol sanguin a été trouvé élevé 4 plusieurs 
reprises, et dans notre derniére observation, l'étude de la courbe de choles- 
térclémie aprés injection de thyroxine (épreuve de Wilkins) nous a apporté 
la reuve d’une insuffisance thyroidienne. Toutefois, la meilleure épreuve a 
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TABLEAU 1 


Fonctions hypophysaires dans les differentes observations. 


Thyreostimuline ACTH 
Q 
Observations g 2 = = 
% p. L. | 2 
ss] 
DEBRE et MARIE 13 2,10¢g Nle 9 
(1) 
DEBRE et MARIE 9 \ 2 
(2) 
DEBRE et MARIE 13 
(3) 
DEBRE et RovER 2,60 30—31 5 
(4) Test Wilkins} Aprés thyreost. 
52—69 
DoLivo 18 8 4 
(1) 
DoLivo 4 6.5 
(2) 
Do.Livo 9 2,97 2 
(3) 
Lamy et Aus- 3,20 13—17 - 20 
SANAIRE Aprés thyreost. Thorn 
31—42 


cet égard est étude de la fixation d’iode radioactif avant et avec administra- 
tion de thyréostimuline; démontrant l’insuffisance thyroidienne et sa correc- 
tion par la thyréostimuline, elle en prouve l’origine hypophysaire. Cette prev ve 


a été fournie dans l’observation de M. LAmMy et dans notre dernier cas. 


Enfin, l'étude de la fonction corticostimulante de ’hypophyse est égalem«nt 
possible. Les dosages urinaires des cortico-stéroides sont encore délicats, n:tis 
deux tests peuvent étre recherchés : Vhypersensibilité 4 V’insuline et l’éosi:\0- 
Os 


philie sanguine exagérée. Nous les retrouvons presque toujours dans 


observations. La correction de ces deux troubles par injection d’ACTH } ut 


apporter une preuve de leur origine hypophysaire. 


Au total, les 8 observations sont trés probablement des nanismes a: e¢ 
insuffisance hypophysaire. Dans tous les cas, les arguments en faveur de 
cette intervention existent et ont été résumés dans le tableau 1. 

Un dernier trouble peut étre sous la dépendance de l’insuffisance cort .0- 
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trope, e’est le retard a l’élimination de l’eau. I] fera objet de commentaires 
particuliers. 


Lévocation de ce retard a Vélimination de eau conduit a examiner en 
détail ce qui fait Voriginalité du syndrome de nanisme avec oligodipsie et 
oligurie : le trouble du métabolisme de l’eau. 

1 — Ce trouble peut étre analysé par une épreuve de surcharge hydrique : 
soit l’épreuve d’Albarran-Volhard 4 laquelle nous nous sommes adressés, 
soit un test de Robinson-Power-Kepler (tableau 2). Il comporte plusieurs 
éléments. 

D’abord une oligodipsie remarquable. Ces malades boivent peu. Leur soif 
est presque nulle, parfois méme ils éprouvent une grande difficulté 4 ingérer 
les quantités d’eau relativement importantes nécessaires a l’épreuve de 
surcharge; certains n’y parviennent pas ou présentent des malaises. 

Ensuite une oligurie globale, le volume des urines de 24 h. restant faible, 
surtout en régime déchloruré. Les mictions sont rares et peu abondantes. 

Enfin, a Vépreuve de surcharge, il existe un retard considérable de Veffet 
diurétique. L’eau n’est pas rejetée dans les 4 premiéres heures; son élimination 
commence vers la douziéme heure et elle atteint son maximum 4 la vingtieéme 
ou vingt-quatrieme heure. 

Les densités urinaires restent élevées pendant les 24 h. et dépassent presque 
toujours 1015. 

2 — L’existence d’une oligurie au cours dun syndrome hypophysaire est d’un 
extreme intérét clinique et physiologique. 

Les cliniciens ont déja attiré Vattention sur ce fait. H. ZONDEK oppose 
dans son «Traité d’Endocrinologie», Voligurie primitive au diabéte insipide et 
lui attribue une pathogénie diencéphalo-hypophysaire. 

Divers auteurs ont décrit une oligurie avec mauvaise é¢limination de l’eau 
chez des femmes obéses, aménorrhéiques, souvent légérement hyperthermiques. 
Cependant, le fait essentiel, opposant ces cas a ceux étudiés ici, est la rétention 
du chlorure de sodium chez les obéses hyperhydropexiques et au contraire son 
excellente élimination chez nos nains. 

DD nombreux physiologistes se sont attachés depuis un demi siécle a 
préc'ser le réle du lobe antérieur de ’hypophyse dans la diurése et 4 montrer 
que jusqu’a un certain point celui-ci s’opposait a l’action antidiurétique du 
syst’ me hypothalamo-post-hypophysaire. 

E» 1909, CRowE, CUSHING et HoMANS ont montré les premiers, par trans- 
pla: ‘ation d@’hypophyse chez le chien hypophysectomisé (4), que le lobe anté- 
rieu’ de Phypophyse exergait une action diurétique. Par la suite, RICHTER (17), 
Ha» \ (11), KELLER (13), HEINBECKER et WHITE (12, 20) ont montré que le 
dial te insipide hypothalamo-post-hypophysaire expérimental et humain 
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n’apparaissait qu’en présence d’ante-hypophyse. Il suffit de 3 4 5% du lobe 
antérieur pour que se manifeste le diabéte insipide. 

Toutefois, ce rdéle diurétique de l’ante-hypophyse n’est pas encore trés bien 
compris (9). 

existence d’une hormone diurétique spécifique ante-hypophysaire, admise 
par G. SCHONHOLZER (18) est habituellement considérée comme peu probable. 

RICHTER (17) pense que l’antidiurése déterminée par l’ablation anté- 
hypophysaire totale est la conséquence indirecte du ralentissement extréme 
du métabolisme général : croissance, activité, métabolisme basal. 

(3), attribue lVaction diurétique de l’ante-hypophyse hormone 
de croissance qui augmenterait le taux de filtration glomérulaire. 

Toutefois, Vhypothése la plus vraisemblable est que l’action diurétique de 
l'hypophyse se fait indirectement par l’action de certaines de ses stimulines. 

Les gonadostimulines ne peuvent étre en cause puisque les oestrogénes, la 
progestérone et les androgénes agissent éventuellement en retenant de l’eau. 
Par contre, action de la thyréostimuline et de 1ACTH sont intéressantes a 
considérer. 

L’action possible de la thyréostimuline a été établie sur de nombreux faits. 
Le diabéte insipide expérimental peut étre atténué par thyroidectomie et la 
polyurie reparaitre par administration de poudre de thyroide. L’extrait 
ante-hypophysaire n’a pas d’action diurétique sur le chien thyroidectomisé. 
On a vu disparaitre un diabéte insipide humain lors de l’apparition d’un 
myxoedeme (19). 

Cependant, ces faits n’ont pas été réguliérement retrouvés. Par exemple, 
PICKFORD et RICHTER (16) ont montré que la poudre de thyroide ne rétablissait 
pas une diurése normale par surcharge aqueuse chez le chien hypophysectomisé; 
et BARNES et REGAN (1, 2) n’ont observé aucune amélioration du diabéte in- 
sipide humain par thyroidectomie. 

L’action de VACTH est actuellement mieux connue. Le réle des hormones 
cortico-surrénaliennes sur la diurése aqueuse est en effet des plus importants. 

les minéralocorticoides favorisent la réabsorption tubulaire du chlore et du 
sodium et en principe la réabsorption obligatoire de Peau. Cependant, ils 
déterminent une hypertonie extracellulaire, une soif intense, et secondairement, 
par paradoxe, une diurése accrue dans certains cas. 

lus intéressants encore sont les faits observés chez les animaux surréna- 
lec'omisés et chez les addisoniens : oligurie, retard extréme a l’élimination de 
leu, sensibilité trés grande 4 l’administration d’eau avec phénomeéne d’in- 
to»'cation possible : collapsus, fiévre et crises convulsives. Ces troubles sont 
en oéchés par la corticostérone et surtout la 17 hydro-corticostérone et la 
co:‘isone. On congoit qu’une insuffisance de secrétion en ACTH puisse 
re) roduire de tels troubles. 
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Il est certain que les troubles observés dans le nanisme avec oligodij <ie 
sont voisins des précédents. Cependant, bien que DOLIvo ait attribué es 
troubles du métabolisme de l’eau dans le syndrome du nanisme avec oligod p- 
sie & la défaillance de Vhormone corticostimulante, il nous a semblé qu’on ne 
pouvait Vaffirmer sans preuve supplémentaire, en raison de la pluralité «es 
explications fournies par les physiologistes & Vaction diurétique de 


hypophyse. 


Nous avons en conséquence, étudié les modifications des courbes d’élimiiia- 
tion de ’eau chez nos malades dans différentes conditions quasi-ex périmentales. 

Dans la premiere observation, aspect des courbes est identique apres 
épreuve de surcharge aqueuse simple ou accompagnée d’injection d’extrait 
post-hypophysaire ou de thyroxine (5). 

Dans la seconde observation, les courbes d’élimination de l’eau sont également 
inchangées par linjection d’extrait de lobe antérieur d’hypophyse et d’extrait 
cortico-surrénal (6). 

Dans la troisiéme observation, les courbes d’élimination de l’eau ont été 
étudiées en régime chloruré et déchloruré, en injectant de l’extrait hypo- 
physaire total, de extrait de post-hypophyse, de la thyroxine et de la desoxy- 
corticostérone. Aucun changement n’a été appréciable (6). 

Dans la derniére observation, par contre, alors que l’action de hormone 
somatotrope, de ’hormone thyréotrope, de l’extrait thyroidien, de la métliyl- 
testostérone étaient nules, l’administration de désoxycorticostérone exag¢rait 
Voligurie; administration de cortisone associée a la DOCA, corrigeait, au 
contraire, le trouble du métabolisme hydrique (7) (tableau 3); administration 
enfin ou de Cortisone seule ou d’ACTH corrigeait également ce trouble. 

Il y a done ici une indication valable, si elle est confirmée, de deux fuits 
d’un grand intérét. 

Le premier est que l’action diurétique de ’hypophyse chez homme est 
probablement avant tout liée 4 la secrétion de ACTH et 4 son action sur la 


cortico-surrénale. 

Le second est que la découverte d’une oligurie avec oligodipsie chez un 
enfant atteint d’un nanisme, est un argument valable en faveur de Voricine 
hypophysaire de ce nanisme et probablement d’un déficit secrétoire en AC “H. 
Quand on sait la difficulté extreme qu’il y a 4 rapporter avant la pubert: un 
nanisme & une insuffisance hypophysaire, on concoit qu’il s’agit la « ‘un 
symptéme de premier ordre et sur lequel il parait intéressant d’insister. 
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Resumé 


Avee J. MARIE, nous avons, en 1937, décrit un syndrome caractérisé par 
l'association possible d’un nanisme avec un trouble du métabolisme de l’eau 
sopposant point a point a celui du diabéte insipide hypothalamo-post- 
hy pophysaire : oligodipsie, oligurie, opsiurie, concentration urinaire élevée en 
permanence. 

Nous avons observé personnellement quatre cas de ce genre. G. DoLiIvo en 
a rapporté trois et M. LAMy un. Il semble bien établi que ce syndrome est lié 
a une insuffisance globale du lobe antérieur de Vhypophyse. Nous avons, avec 
P. ROYER, J. J. ALLOITEAU et A. SPAHR, essayé de fournir cette démonstration 
et nous exposons ici les arguments qui plaident en faveur de cette hypothése. 

I/antidiurése aqueuse entrainée par l’insuffisance anté-hypophysaire pose 
des problémes que les cliniciens ont jusquw’ici peu explorés et que les physio- 
logistes n’ont pas encore parfaitement résolus. 

Dans un de nos cas, la correction des troubles du métabolisme de eau par 
ladministration de cortisone, d’ ACTH et de désoxycorticostérone laisse pen- 
ser, Si notre observation est vérifiée, que le déficit en ACTH est responsable 
du syndrome d’oligurie et oligodipsie, qui accompagne ce nanisme particulier. 
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Aus der Universititskinderklinik Ziirich 
(Dir. Prof. G. FANCONI). 


Beitriige zur Pathologie der Blutgerinnung 


von G. FANCONI 


Im Laufe der letzten Dezennien hat man gelernt, dass der so einfach 
scheinende Prozess der Blutgerinnung das Endresultat sehr komplizierter, 
aneinander geketteter Reaktionen ist, die noch lange nicht restlos geklart 
sind. Verwirrend sind fiir den Nicht-Gerinnungsspezialisten die vielen Be- 
zeichnungen fiir ein und denselben Vorgang. Der heutige Stand der Blut- 
gerinnungsforschung spiegelt sich im folgenden vereinfachten Schema wieder: 


DICUMAROL 


— Proconvertin + Antihamophiles + Antihamophiles + Ca” + Thrombozyten- 


Faktor VI Globulin A Globulin B Faktor 
PHASE Foktor Vil Christmasfactor 
Faktor IX 
 Accelerin Blut- Thrombokinase Ca" 
| Foktor V Thromboplastin Faktor 
Fokt 4 
PHASE 
‘Prothrombin ud > Thrombin 
| Faktor I ; H 
ANTITHROMBOKINASE 2 
DICUMAROL 
ZWEITE Fibrinogen a Fibrin 
PHASE Foktor I 
| ANTITHROMBIN FIBRINOLYSIN 


7 B HEPARIN-ANTITHROMBIN 


| einer Vorphase wirken ein Thrombozytenfaktor mit den antihaimophilen 
Globulinen (wevon wir heute bereits 2 kennen), und dem Proconvertin oder 
Fa’ tor VII zusammen, um unter der Einwirkung des Calciums (méglicher- 
we'se nach FERGUSON eine Calciumcephalinverbindung) die Blut-Thrombo- 
kinase = Thromboplastin zu bilden. In der ersten Phase der Gerinnung wird 
da Prothrombin (Faktor IT) unter der Einwirkung der Blut-Thrombokinase, 
des Aeccelerins (Faktor V) und des Calciums in Thrombin umgewandelt. Die 
z\\ ite Phase besteht in der Umwandlung des Fibrinogens durch das Throm- 
bi: in das Fibrin. Diese Reaktionskette wird noch durch die Einwirkung von 
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Ac 
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koagulationshemmenden Faktoren kompliziert. Man kennt solche, die ie 
erste Phase hemmen, so das Oxalat und das Citrat, die die Ca-Ionen fallen 
und das Dicumarol, das auch die Bildung des Prokonvertins hemmt, ferier 
solche, die die zweite Phase hemmen, so das Heparin. Schliesslich enthiilt 
das Plasma ein fibrinolytisches Enzym (Fibrinolysin oder Plasmin), dessen 
funktionelle Bedeutung noch unklar ist und besonders bei plétzlichem Stress 
stark zunimmt. 

In diesem Aufsatz méchte ich einige bescheidene Beitrage zur Gerinnungs- 
pathologie aus dem Kinderspital Ziirich zusammenfassen und zwar niclit 
nach chronologischen Gesichtspunkten, sondern nach der Phase der Gerin- 
nung, die gestért ist. 


Hamophilie B (Christmas Disease) 


Mein Assistent CRAMER konnte 1951 zeigen, dass sowohl das Plasma als 
auch das Serum eines an typischer Hamophilie leidenden Patienten A den 
Gerinnungsdefekt von zwei weiteren ebenfalls an klinisch gesicherter Hamio- 
philie leidenden Kranken zu normalisieren imstande war, wahrend umgekelirt 
der Gerinnungsdefekt des Patienten A nur durch Plasma, nicht aber durch 
Serum der beiden anderen Patienten sich normalisieren liess. CRAMER nalim 
an, dass es neben dem antihamophilen Globulin A noch ein davon vdllig 
verschiedenes antihamophiles Globulin B gibt. Die Beobachtungen CRAMERS 
wurden erst im Frihjahr 1953 publiziert, weil ich Hemmungen hatte, so 
grundlegende neue Erkenntnisse zu schnell zu ver6ffentlichen und dies uniso 
eher, als die Hamophilie A und B klinisch und erbbiologisch nicht von cin- 
ander zu unterscheiden sind. Wie aber 1953 von WITHE, ANGELER und GLEN- 
DENING sowie von SCHULMAN und SMITH und schliesslich auch von BiGGs und 
Mitarbeiter fAhnliche Beobachtungen mitgeteilt wurden, waren auch diejeni- 
gen CRAMERS reif zur Ver6ffentlichung und sie sprechen fir die scharfe Beob- 
achtungsgabe dieses jungen Forschers. 

BiGGs und Mitarbeiter sprechen nicht vom antihamophilen Globulin 8, 
sondern vom Christmas-factor nach dem Vornamen des ersten von ihnen beob- 
achteten Falles. Der Christmas-factor ist leichter aus dem Serum zu :e- 
winnen als das antihiamophile Globulin A, es kann durch Seitz-Filtra‘ on 
oder Adsorption mit Al (OH), daraus gewonnen werden. Er ist nicht uit 
dem Faktor VII identisch, denn Serum von Christmas-disease-Patier | en 
kann den Gerinnungsdefekt des Plasmas von Patienten, die mit Trome .an 
behandelt und dadurch des Faktors VII beraubt wurden, beheben. 

In der Schweiz scheint die Hamophilie B gar nicht so selten zu sein s0 
gehért wahrscheinlich die Tennasippe dazu. 
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Die hypocalcimische Gerinnungsstérung 


In dem vorziiglichen, 1953 erschienenen Buche von BIGGS und MACFARLANE 
,liuman Blood Coagulation‘' wird ein Ca-Mangel als Ursache einer Gerin- 
nungsstérung nicht einmal in Betracht gezogen. In der mir bekannten Lite- 
ratur erwahnt einzig Opitz (1921), dass Ca-Mangel nur einmal (HEss 1916) 
als Ursache abnormer Blutungsneigung beschrieben worden sei. Umgekehrt 
wird tiberall betont (SABBATINI 1900, VINES 1921, Quick 1940), dass schon 
geringe Ca-Mengen geniigen um die Gerinnung zu ermdéglichen, bzw. dass 
relativ grosse Oxalatmengen notwendig sind, um sie hintanzuhalten. Aus 
letzter Tatsache wurde geschlossen, dass nicht die Ca-Ionen, sondern eine Ca- 
Verbindung an der Gerinnung beteiligt sei. FERGUSEN (1937) denkt an eine 
Cephalinverbindung. 

Nun verfiige ich tiber 2 bereits vor vielen Jahren publizierte Beobachtun- 
gen (FANCONI 4 1941, SCHAFELER 1944) von rasch voriibergehenden schweren 
Gerinnungsstérungen bei hochgradiger Hypocalcimie. 


Fall 1. G. Enrica, J.N. 9605/38 (u. 1285/46), 3jahriges Madchen mit schwerer 
familiirer Coeliakie. Das zum Skelett abgemagerte Midchen wog nur 8,1 kg, zeigte 
ausgesprochene Karpopedalspasmen, Facialisphinomen + +. Im Serum nur 3,78 mg % 
Ca. Gerinnungszeit nach Birker linger als 20 Min. und doch fehlten manifeste Blu- 
tungen vollstindig. Thrombozyten 376000. Blutungszeit nach Duke 2’. Mit der 
Besserung des Allgemeinbefindens schnellte in einigen Tagen das Serum-Ca auf 9,1 mg% 
und der Beginn der Gerinnungszeit nach Biirker ging auf 33 Min. zurick. 


Nachtraglich nahm ich an, dass in diesem Falle eine K-avitaminotische 
Hypoprothrombinamie vorgelegen haben kénnte. Die rasche spontane Bes- 
serung der Gerinnungszeit ohne Zufuhr des damals noch unbekannten K- 
Vitamins spricht jedoch eher fiir eine hypocaleimische Gerinnungsstérung. 


Fall 2. O. Paul, J.N. 9003/42. (1944 in der Dissertation SCHAFELER in extenso 
publiziert.) Mutter, Schwester und Onkel miitterlicherseits hatten sehr hiufig Epi- 
staxis. Patient selber bekam oft Suffusionen auf leichte Traumata hin. Mit 7 Jahren 
starke Alveolarblutung nach Zahnextraktion. Mit 14 Jahren nach einer weiteren 
Zahnextraktion profuse Blutung. Die schlaffen Coagula erinnerten durchaus an eine 
himophile Blutung. In der Tat war die Gerinnungszeit nach Birker stark verlingert 
(15-20 Min.), wihrend die Prothrombinzeit mit 15 Sek. normal war. Merkwiirdiger- 
Weiss war das Serum-Ca auf 3,4 mg% reduziert, es bestanden aber keine Spasmo- 
philiczeichen, wie wenn hauptsichlich das an Eiweiss gebundene Ca und nicht die 
Ca-lonen wesentlich vermindert gewesen wiiren. Eine intravenése Calcium-glukonatin- 
jektion brachte schlagartig die Blutung zum Stehen und das Serum-Ca sowie die 
Gerinnungszeit normalisierten sich rasch, die Symptome kehrten nie wieder. Im Alter 
von !5 5/,, Jahren erkrankte der Patient plétzlich an Diabetes mellitus, weswegen er 
inp: ikomatésem Zustand wieder hospitalisiert wurde. Keine Zeichen von Hiimophilie. 
Geri inungszeit nach Birker Beginn 6 Min. (5 Min.), Ende 8 Min. (8 Min.), also ganz 
leic} verlingert. Ca des Serums 9,5 mg %. 
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Uber einen dritten Fall von hypocalcimischer Gerinnungsstérung bericht t 
A. R. Fiscuer: Ein 14-jahriges Madchen bekommt zur Zeit der Menarci:e 
eine schwere hypocalcimische Tetanie; mit AT 10 geht es ordentlich. Mit |7 
Jahren wiederum Status tetanicus, diesmal mit multiplen Hautblutunge:. 
Gerinnungszeit nach Biirker auf 20 Min. verlangert, Serum-Ca 4,4 mg “,, 
Fibrinogenwert erhéht. Prothrombinwert normal. 

Das Ca greift wahrscheinlich in alle Phasen der Blutgerinnung ein, es be- 
schleunigt auch die Reaktion zwischen Fibrinogen und Thrombin und es ist 
notwendig, sowohl bei der Umwandlung von Prothrombin in Thrombin «ils 
auch bei der Bildung des Thromboplastins. Dass in unserem Fall 1 und im 
Falle FiscHers die Prothrombinzeit normal war, ist klar, da bei der Pro- 
thrombinzeitbestimmung ein Ca-Uberschuss zugefiigt wird. Die genaue Ana- 
lyse weiterer Falle mit moderneren Methoden wird hier erst Klarheit bringen. 
Moéglicherweise ist die Hypocalcaimie nicht die Ursache der Gerinnungsstérung, 
sondern nur ein zufalliges Begleitsymptom. 


Der Faktor-V-Mangel 


‘aktor V (OWREN) ist eine labile Fraktion des Blutplasmas, die bei 50° 
Celsius zerst6rt wird, beim Lagern wihrend 2—3 Tagen zugrunde geht, und 
von BaSO, und Al(OH), nicht adsorbiert wird. Ihre Funktion besteht in der 
Beschleunigung der Umwandlung von Prothrombin in Thrombin. Fehlt sie, 
so kommt es zu schweren haimophilieartigen Blutungen. OWREN beschrieb 
zuerst die kongenitale Form, die sehr der Haimophile ahnelt, aber auch Frauen 
befallt. Er schlug den allerdings zu wenig scharfen Namen ,,Parahdmophilic” 
vor. Besser spricht man von Owrenscher Krankheit. Von den drei 1945 yon 
F. HAUSER als idiopathische Hypoprothrombinaémie beschriebenen Fallen 
erwiesen sich nachtriglich 2 als Falle von Owrenscher Krankheit und nur in 
einem Fall bestatigte sich die Diagnose kongenitale Hypoprothrombinaie. 

KOLLER, GASSER, Krist und voN MuRALT (Kinderspital Zurich) gelang 
der Nachweis, dass auch bei der seltenen post-secarlatinésen Purpura fulminns 
ein akuter Schwund des Faktors V als Hauptursache der schweren Gevin- 
nungsstérung vorliegt. In einem Falle bestand noch ein Uberschuss \on 
Heparin-antithrombin. Die starke Vermehrung der Retikulumzellen und ‘ler 
Eosinophilen im Knochenmark sowie die elektrophoretisch nachgewies ne 
Vermehrung der y-Globuline deuten auf eine vermehrte Antikérperbild ing 
und allergische Diathese hin. Durch eine vollstaéndige Blutaustauschtr: 1s- 
fusion konnte der zweite Fall aus moribundem Zustand heraus gerettet \ er- 
den. Allerdings hatten die ausgedehnten symmetrischen subcutanen und in ra- 
cutanen Blutungen an den Beinen zu schweren Nekrosen der Haut geft :!t. 
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Die Hypoprothrombinimie 


Bereits 1927 teilte ich an der Jahresversammlung der schweizerischen 
Gesellschaft fir Padiatrie mit, dass bei den schwersten Formen der Coeliakie 
neben echten C-avitaminostichen Blutungen (Scorbut), aber véllig unab- 
hingig von ihnen, eine hamorrhagische Diathese sich einstellen kénne, deren 
Hauptecharakteristikum die Gerinnungsstérung sei. Mehrere dieser Kinder 
starben ziemlich akut an den Blutungen und ich sprach damals von Purpura 
fulminans. Man sollte jedoch diesen Namen fiir den postinfektiédsen akuten 
Faktor-V-Mangel reservieren. Ich schlug damals fiir diese Gerinnungsstérung 
den Namen ,,Skorbutoid‘‘ vor (FANCONI 1). In den folgenden Jahren konnte 
ich mehrere weitere Falle genauer analysieren und da nun der Nachweis des 
Thrombinmangels im Serum mit der Wohlgemuthschen Methode gelang, 
inderte ich den Namen in ,,Hypothrombindmie’s (FANCONI 2) um. Wie ich 
1937 von der Entdeckung des K-Vitamins durch DAm erfuhr — damals 
glaubte man noch, dass nur Hiihner und nicht der Mensch eine K-Avitaminose 
bekommen kénnten —, war es mir sofort klar, dass die 10 Jahre vorher 
beschriebene Hypothrombinaimie weitgehende Ahnlichkeit mit der K-Avita- 
minose des Huhnes hat (FANCONI 3 1938). Aber erst die Einfiihrung der 
Quickschen Prothrombinzeitbestimmung und die Anwendung eines wirk- 
samen K-Vitaminpraparates erlaubte uns, bei Coeliakiepatienten, sowie 
KOLLER bei erwachsenen Sprue-Patienten, den Nachweis zu erbringen, dass 
die Hypothrombinémie nichts anderes war als die nun allgemein anerkannte 
K-avitaminotische Hypoprothrombinamie. 

Uber die Hypoprothrombinimie des Neugeborenen habe ich (FANCONI 4) 
1941 ausfiihrlich berichtet. Damals wies ich kurz auf die idiopathische Hypopro- 
thrombindmie bei einem 6 Monate alten Saugling und einem 9jahrigen Knaben 
hin, die an einer akuten hamorrhagischen Nephritis erkrankt waren; die 
Hy poprothrombinamie verschwand auf Synkavitinjektionen rasch und damit 
besserte sich auch der hamorrhagische Charakter des Urins. Noch interes- 
santer war die Beobachtung einer Leptomeningosis haemorrhagica bei einem 
4 Monate alten, an sich gesunden Séugling, bei dem allerdings seit der Geburt 
inner wieder leichte Hautblutungen aufgetreten waren. Gerinnungszeit nach 
Birker (Beginn 9, Ende nach 30 Min.) und Prothrombinzeit (34 Sek.) deutlich 
ver‘angsamt; rasche Normalisierung auf 50 mg Synkavit intramuskular. 
Vo''ige Heilung, allerdings ging die Prothrombinzeit nach 11 Tagen noch ein- 
mi auf 29 Sek., weswegen wieder Synkavit gegeben wurde. 

's ist nachtraglich schwer zu eruieren, was die Ursache der verlangerten 
Prt hrombinzeit nach Quick in diesen Fallen war. Eine Verlangerung kann 
na’ ‘lich ausser durch Prothrombinmangel auch durch eine Fibrinogenopenie, 
duh einen Mangel an Faktor V oder Faktor VII und durch ein Zuviel an 
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koagulationshemmenden Faktoren bedingt sein. Ob unser Fall von Lepto- 
meningosis haemorrhagica bei einem 4 Monate alten Saugling einen Ubergany 
bildet zu den Fallen von kongenitaler Hypoprothrombindmie, wie sie ver- 
schiedentlich beschrieben worden sind (RHOADS und Fitz-HuGH 1941, PLux 
1943, MurpHY und CLARK 1944, HAUSER 1945, CovEY 1950), scheint mir 
unwahrscheinlich. 

In allen diesen Fallen wurde nur der Einstufen-Prothrombintest bestimmt, 
so dass es offen bleibt, ob eine echte Hypoprothrombinaémie oder ein Faktor-\ - 
oder Faktor-VII-Mangel vorlag. Dagegen wurde in den familiéren Fallen von 
Quick 1947, HAGAN und WATSON (1948) und FERGUSON (1950) und in einem 
der 3 Falle HAuSERs (1949) ein Faktor-V-Mangel ausgeschlossen, so dass 
entweder ein Faktor-VII-Mangel oder eine echte Hypoprothrombinamie vor- 
lag. Einen weiteren hieher geh6renden Fall werden wir nichstens in extenso 
publizieren. 

Fall 3. B. Urs, J.N. 2378/50. Patient stammt aus gesunder Familie, kam im Alter 
von 3 Wochen ins Kinderspital mit der Vermutungsdiagnose Pylorusstenose. ['s 
handelte sich aber um einen Gastrospasmus; das bogenformige Erbrechen wurde rasch 
behoben. Auffallend war die verlingerte Prothrombinzeit von 32—90 Sek., die sich 
weder durch Synkavit noch durch Vitamin K, beheben liess. Nur wéchentlich wieder- 
holte Bluttransfusionen vermochten fiir einige Tage die Prothrombinzeit etwas zu 
verkiirzen, einmal bis auf 27 Sek. Immer wieder traten mehr oder weniger profuse 
Darmblutungen und haufig Petechien an der Mundschleimhaut auf. Mit 7} Monaten 
wurde der Patient entlassen und starb daheim im Alter von 14 Monaten. Keine 
Autopsie. 

Die genaue mehrfach wiederholte Blutanalyse liess einen Faktor-V-Mangel, 
eine Vermehrung des Antithrombins und eine Fibrinogenopenie ausschliessen. 
Umegekehrt fanden wir immer einen mehrfach enorm erhéhten Fibrinogen- 
spiegel (bis 2768 mg% statt normal 200—400 mg%). 

Die auch elektrophoretisch bestatigte Fibrinogenvermehrung, die auch im 
Falle FISCHERS von hypocaleimischer Gerinnungsstérung bestand, lasst ver- 
schiedene Deutungen zu. Die eine mehr teleologische erklart sie als Kompen- 
sation fiir den Mangel an Prothrombin, um doch noch eine ordentliche Gerin- 
nung zu erméglichen. Wahrscheinlicher ist die andere Deutung, dass ‘er 
normale Verbrauch von Fibrinogen durch die physiologische minimale int”a- 
vasale Gerinnung (Bildung eines Fibrinschleiers auf dem Blutgefassendot !ie- 
lium [nach NoLF 1922]) infolge des Thrombinmangels darniederliegt, so «iss 
sich das Fibrinogen im Plasma anhaufen kann. 


Fibrinasthenie oder Makroglobulinamie 


Im Jahre 1941 (FANCONI 5) publizierte ich einen Aufsatz ,,Fibrinasther « 
als Ursache einer schweren hamorrhagischen Diathese bei Lues congen ‘a. 
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Bei einem kongenital luetischen Saugling von 5 Wochen mit riesiger Feuer- 
steinleber stellte sich unstillbares Nasenbluten ein. Prothrombinzeit nach 
Quick 17 und 22 Sek., also normal, ebenso Fibrinogengehalt mit 0,35 %, 
und doch war die Gerinnungszeit nach Biirker deutlich verlingert (8 Min.) 
und das Leichenblut gerann nicht oder nur schwer. Das Blutplasma (Gesamt- 
protein 5,33 %) enthielt sehr viel grob disperse Proteine, wodurch die Vis- 
kositat enorm erhéht war; im Blutausstrich sah man kokken&ahnliche feine 
Niederschlage, die als Eiweisspracipitate aufzufassen sind. Ich sah in der 
schweren Dysproteinémie die Ursache der Gerinnungsstérung, nahm eine 
mangelhafte gewissermassen durchkreuzte Fibrinbildung an und schlug den 
Namen ,,Fibrinasthenie“ vor. 

Bei der Durchsicht unserer Blutausstriche von Lues congenita fand ich 
bei 2 weiteren Sauglingen (7 und 9 Wochen alt) des Jahres 1928 ahnliche 
Befunde, die in den Krankengeschichten als ,,helle, manchmal bliulich ge- 
firbte Gebilde von der Grésse von Blutplittchen’ beschrieben wurden. 1941 
konnten wir einen 4. und 1945 einen 5. Fall eingehender studieren, dessen 
Daten hier kurz wiedergegeben seien: 


Fall 4. B. Werner, J.N. 8584/45. Mit 7 Wochen mit schwerer Lues congenita einge- 
wiesen. Im Blutausstrich die typischen feinen bliulichen Niederschlige. Eine schwere 
himorrhagische Diathese stellte sich erst 2 Wochen nach Spitalaufnahme ein zu einer 
Zeit, da die Proteinniederschlige im Blutausstrich nicht mehr nachweisbar waren. 
Es handelte sich um eine Blutung aus einer kleinen Wunde am Gaumen. 10 Tage 
spiter starke Darmblutung. Mikrohimaturie und Petechien der Haut. Zu dieser Zeit 
betrug die Gerinnungszeit nach Birker 5 Min., die Prothrombinzeit 22 Sek. 7 Wochen 
nach Spitalaufnahme Exitus. Die Autopsie deckte eine diffuse Leberzirrhose (Uber- 
gang zwischen Feuersteinleber und Zirrhose) und eine Colitis ulcerosa auf. 

Wie die Proteinniederschlige maximal waren, erhoben wir folgenden himatologi- 
schen Befund: Senkungsreaktion 27 mm nach 1 Stunde. Gerinnungszeit nach Birker: 
Beginn schwankend zwischen 7 und 15 Min., Ende 8 und 16 Min. Prothrombinzeit 
nach Quick 17—25 Sek. Serumeiweiss nach Kjeldahl 3,5%, refraktometrisch 5,0%, 
Fibrinogen nach Kjeldahl 0,398 %, Plasma berechnet aus Serumeiweiss 3,5 + Fibrino- 
gen 0,4 = 3,9-Viskositiit mit 2,05 stark gesteigert. Die Elektrophorese (durch Dr. 
WirkpDEMANN, Sandoz, Basel, ausgefiihrt) ergab folzende Werte: 


Unser Patient 


Testserum 
Absolut, wenn 3,9 % 


% als Plasmaeiweiss- 
wert eingesetzt 


Albumimne.... . 65,1 40,1 1,59 
a- u. B-Globuline . 17,0 22,1 
Fibrinogen... . 3:2 9,0 0,35 


y-Globulin . .. . 14,7 28,8 1,13 
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Nephelogramm stark nach links verschoben. Wassermann +. Kahn + +. Gesamteli»- 
lesterin 117 mg %, Esterquote nur 8,2. Thrombozyten spirlich. 

Mit dem Versechwinden der Proteinniederschlage in den Blutausstrichen norm:i- 
sierte sich auch die Gerinnungszeit, obwohl die himorrhagische Diathese erst jet zt 
mit der Versehlechterung der Befunde deutlicher wurde. 


In zwei unserer 5 Fille fiel uns auf, dass nachdem die Gerinnung erfolxt 
war, im Serum ein grauweisser Niederschlag entstand, der sich allmahlich 
zu einer kompakten Masse sedimentierte. 

Die fehlende Parallelitat zwischen hamorrhagischer Diathese und Eiweiss- 
niederschlagen im Blutausstrich, die uns in unseren Fallen von 1941 und 
1945 bereits aufgefallen war, war noch viel ausgesprochener in einem von 
LANDOLT 1950 aus unserer Klinik mitgeteilten Falle von besonders in der 
Leber stark metastasierendem Sympathogoniom vom Pepper-Typus, der 
ebenfalls die beschriebenen Eiweissniederschlage im Blutausstrich zeigte, 
aber keine Zeichen einer hamorrhagischen Diathese. 

Diese Diskrepanz sowie die Tatsache, dass die Eiweissniederschlage die 
Weigertsche Fibrinfarbung nicht annahmen, liessen uns Zweifel aufkommen, 
ob die Eiweissniederschlage mit dem Fibrin etwas zu tun haben und ob der 
Name Fibrinasthenie zur Erklarung der meist vorhandenen Gerinnungs- 
stérung bzw. haimorrhagischen Diathese berechtigt sei. BURGSTEDT aus der 
Miinchener Kinderklinik, der 2 Falle von Lues congenita mit Eiweissnieder- 
schlagen im Blutausstrich genau analysieren konnte, betrachtet die Berecliti- 
gung des Namens ,,Fibrinasthenie’’ zur Erklarung der hamorrhagischen 
Diathese als sehr fraglich. Zum gleichen Schluss kommen WILLI und KOLLER, 
die ebenfalls einen luetischen Saugling genau analysieren konnten. Sie méch- 
ten lieber von Makroglobulindmie sprechen und betrachten die Eiweissnieder- 
schlige als Zeichen hochgradiger Dysproteinaémie, insbesondere einer Ver- 
mehrung und Vergréberung des y-Globulins. Es gelang naémlich mit «er 
Ultrazentrifuge im physikalisch-chemischen Institut der Firma Hoffmann— 
La Roche, Basel, eine Komponente nachzuweisen, die 14 % des Gesaint- 
proteins ausmachte und eine Sedimentierungskonstante von 20 Svedberg- 
Kinheiten zeigte. Aus dieser Konstante kann nach den Arbeiten von PEDERSEN 
geschlossen werden, dass es sich um ein Makroglobulin mit einem Moleku|ar- 
gewicht von etwa 1 Million handelt. Wi~LI und KOLLER méchten in ihrem 
Falle die Gerinnungsstérungen nicht auf eine Fibrinasthenie, sondern uf 
den betrachtlichen Prothrombin- und Faktor-VII-Mangel, sowie auf «ine 
leichte Vermehrung des Antithrombins zuriickfiihren. 

Weiteren Untersuchungen mége es vorbehalten bleiben, fiir die so hii :fig 
mit Eiweissniederschlagen beobachtete Gerinnungsst6érung eine bessere 
klarung zu geben als sie im Namen ,,Fibrinasthenie‘‘ enthalten ist. 
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Zusammenfassung 


iis werden folgende Beitrage zur Gerinnungspathologie aus dem Kinder- 
spital Zurich zusammengefasst: 


|. Hinweis auf die Untersuchungen CRAMERS tiber Hamophilie B (Christ- 
mas disease). 

2. Drei Falle von hypocaleimischer Gerinnungsst6rung, wobei offengelas- 
sen wird, ob die Gerinnungsstérung die direkte Folge der Hypocalcamie ist 
oder ob es sich nur um ein zufalliges Zusammentreffen handelt. 

3. Kurzbericht tber zwei Falle von akutem Factor-V-Mangel, welche unter 
dem Bilde der postscarlatinésen Purpura fulminans einhergingen; der eine 
Fall konnte durch eine Exchange transfusion gerettet werden. 

!. Bericht tiber die Aufklirung der Gerinnungsstérung im Verlauf der 
Coecliakie, welche zuerst als Scorbutoid (1927), dann als Hypothrombinaimie 
(1928) geschildert wurde, und schliesslich 1938 als Hypoprothrombinamie 
infolge Stérung der K-Vitaminresorption aufgeklart wurde. 

5. Beschreibung eines Falles von idiopatischer permanenter Hypopro- 
thrombinamie, der nur durch Bluttransfusion am Leben erhalten werden 
konnte. 

6. Bericht tiber eine eigenartige Dysproteinimie im Verlaufe schwerer 
Leberstérungen bei Lues congenita und bei Sympathogoniom mit Metastasen 
in der Leber. FANCONI schlug 1941 den Namen Fibrinasthenie vor. Die Nieder- 
schlage im Blutausstrich bestehen jedoch nicht aus Fibrin, sondern stammen 
aus der Gammaglobulinfraktion, die Makroglobulincharakter (WILLI und 
KOLLER) hat. Das Fibrinogen ist auch stark vermehrt, es ist aber noch nicht 
geklart, ob die Fibrinbildung gehemmt ist. 
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From the Department of Pediatrics, University Clinic of Copenhagen 
(Rigshospitalet), Denmark. (Head: Professor P. PLum.) 


Folic Acid Antagonists and ACTH in the Treatment of 
Leucemia in Children. 


by K.-E. FOGHT-NIELSEN, B. FRIIS-HANSEN and P. PLUM 


During the years 1939 to 1953 a total of 44 children suffering from leucemia 
were admitted to the Department of Pediatrics of the University Clinic. The 
children were from 4 months to 14 years of age and 23 were boys and 21 girls. 
With the exception of one monocytic, all cases have been acute leucemias, 
characterized by predominance of an undifferentiated leucoblast in bone 
marrow and peripheral blood, anemia, bleeding tendency, adenopathy, and 
hepato-splenomegaly. 

Twenty-two of these 44 patients were seen before 1949 and were only 
treated by blood transfusions, sulfonamides, and antibiotics with the excep- 
tion of a few who had X-ray therapy of the spleen and arsenic. The 22 patients 
admitted after 1948 have been treated by folic acid antagonists! and ACTH, 
supplemented with blood transfusions, antibiotics, and other forms of sup- 
portive measures. 


Plan of Treatment 


The plan of treatment has varied with the increasing number of drugs, the 
increasing knowledge of their action, and with the demands of the particular 
case, 

Aminopterin became available in 1949, and until 1951 the patients were 
treated by this drug exclusively. It was given intramuscularly or orally in 
dosages of 4-1 mg daily, according to the age of the patient, until a remis- 
sion was obtained, provided toxic side effects had not necessitated dis- 
coniinuation at an earlier time. During the remissions the patients got no 
treatment. 

Since 1951 all patients have been treated initially by ACTH, which in three 
cases has been combined with aminopterin in an attempt to increase the 
effect (“combined treatment”). ACTH has been given intramuscularly in 
dos::zes of 4 mg 4 times a day to children under 2 years, 6 mg 4 times a day 


‘he authors are indebted to the Lederle Laboratories Division, American Cyanamid 
Com;any, New York, U.S.A., who have kindly placed aminopterin, a-methopterin, and leu- 
cove in at our disposal. 
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TABLE 1 


The criteria of a remission in relation to the various elements of bone marrow «id 
peripheral blood. (< less than, > greater than.) 


Increase or decrease to 


Bone marrow: 


Leucoblasts ...... .. . . .| Significant decrease” 


Peripheral blood: 


Sedimentation rate (Micro) ... . <10mm 
Gmrombocytes 69% > 100.000 


to children between 2 and 6 years, and 10 mg 4 times a day to children over 
6 years. A number of patients have been treated with Reactin (ACTH dis- 
solved in 2 per cent polyphloretin phosphate), given intramuscularly, in 
dosages of 5 to 10 mg once a day (5). ACTH was given for a varying number 
of days, 30 on an average. 

telapses have, in most cases, been treated by ACT'H, which in some cases 
was replaced by cortisone (given orally in dosages of 123-25 mg 4 times a 
day), but also combined treatment and aminopterin alone has been given. 

During the last year maintenance therapy by folic acid antagonists in 
small dosages (aminopterin: }-} mg, or a-methopterin: 14-24 mg daily) 
has been given to a number of patients treated initially and on relapse by 
ACTH. This treatment will in the following be referred to as “alternating 
treatment’. Maintenance therapy by hormones in small dosages has been 


given in only two cases. 


Toxic Side Effects 


During treatment with folic acid antagonists stomatitis, transient panc, to- 
penia, and in two cases total alopecia were seen. The stomatitis was in 1:ost 
cases easily controlled by leucovorin and temporary discontinuation of the 
folic acid antagonists, whereas the pancytopenia now and then necessit ‘ted 
withdrawal of the drugs for a longer period. The two cases of alopecia «cre 
cured in a short time when folic acid antagonists were discontinued, nd 
hormone treatment instituted. As generally accepted, a-methopterin as 
found to be less toxic than aminopterin. 
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NO. OF REMISSIONS OBTAINED 
0) - - CASES TREATED WITHOUT EFFECT 
8 - 
4- 
T T T T T T 
° 60 120 180 240 300 360 
15 


Fig. 1. A graphic presentation of the results obtained by treatment of: A) seven patients 

by aminopterin, B) fifteen patients by hormones and folic acid antagonists, as described in 

the text. The columns indicate the number of patients treated intitially, at the first, second, 

etc. relapse, and the number of remissions. The distance between the columns indicates the 
average time between the series of therapy. 


During hormone treatment the patients gained weight, developed moon 
face and hirsutism, but these symptoms never became so pronounced that 
discontinuation of the therapy was necessary. 


Results 


The hematological effect of the treatment has been recorded as a remission 
according to the criteria stated in Table 1. Simultaneously with the hemato- 
logical remission the patients had a clinical remission, so that during these 
gool periods they had no signs or symptoms of their disease. With the in- 
cre: sing resistance to the drugs the remissions became less complete both 
henatologically and clinically, and of a shorter duration. 

graphic presentation of the results obtained is given in Figure 1, where 
the patients have been grouped according to the treatment: 
aminopterin (seven patients), and 


|. hormones and folic acid antagonists (fifteen patients). 


e duration of the disease before and after treatment in these 22 patients 
is 1 corded in Table 2. 
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The duration 


of the disease before and after treatment within the groups A and B 
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TABLE 2 


of Figure 1. 


Duration from 
; remissions first symptom treatment 
to treatment to death 
Group A: 13. F 2 6.5 months! 4.5 monthis 
M 2 10 » 3.5 
12%. M 0 6.0 » 1.5 » 
M 0 6.0» 10 days 
3}. F 0 3.0 » of » 
102. M 0 8.5» » 
0 10 » 
Group B: 73. F 2 2.0 » 11.0 months 
F 3 20 7.0 » 
3}. F 2 1.0 » 5.0 » 
34. M 3 2.5 » 8.0 > 
5}. 2 1.5 » 2.0 
6} F 5 10°» 20.0» 
7 M 3 1.0 » 11.5 » 
2 F 1 0.5 » 6.5 » 
3 3 ‘ M 2 1.5 » 4.5 
53 M ‘ 6.0»? 110° 
74 F 2 3.5 » 3.5 > 
1143 3 weeks 2.5 > 
22. K 0 3 » 7 days 
14 M 0 3 » 5 » 
M 0 3» 3» 


1:2 The two patients with preleucemic periods described in the text. 


3 This patient had a monocytic leucemia. 


In group A two patients had 2 remissions each, while five did not respond 
to the treatment. This result is not as good as that obtained by other inves- 
tigators (4, 10) which is probably due to the fact that four of the refrac’ ory 
patients were treated late in the disease. The last patient was an infant of 6 
months with a fulminating course of the disease. 

In group B eleven patients had a total of 28 remissions, while four \vere 
treated without effect. ACTH alone was given 27 times, combined treat: :ent 
11 times, and folic acid antagonists 3 times (resulting in 20, 7 and 1 remis: ons 
respectively). All the patients in this group were treated early in the dis: «se. 
Of the four patients who did not respond to the treatment, one, both h: na- 
tologically and clinically, had symptoms of a monocytic leucemia which \as 
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NO. OF REMISSION 
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Fig. 2. A graphic presentation of the 28 remissions obtained in group B, Figure 1. B,) seven 

remissions maintained by folic acid antagonists (“alternating treatment’’, described in the 

text). B,) the remaining 21 remissions. The distance between the columns indicates the 
average duration of the remissions. 


refractory to both ACTH, aminopterin, and X-ray therapy of the spleen. In 
the remaining three patients the disease had a most fulminating course. 
In Figure 2 is given a graphic presentation of the average duration of: 
B,) seven remissions maintained by folic acid antagonists, and 
b,) the remaining twenty-one remissions of group B. 


It seems as if it has been possible to prolong the remissions obtained by 
ACTH by giving folic acid antagonists even if the small figures do not allow 
any definite conclusions to be drawn. 

As an attempt to estimate the effectiveness of the drugs in producing < 
remission within the various elements of bone marrow and peripheral blood, 
all the 32 remissions of groups A and B have been analysed in Figure 3, 
where the remissions have been grouped according to the treatment: A, folic 
acid antagonists, 5 remissions; B, hormones, 20 remissions; and C, combined 
trea‘ment, 7 remissions. No striking difference is seen between the three 


Survival Time 


lbue to the insidious onset of leucemia the exact length of the disease is 
often difficult to determine. We have estimated the survival time from the 
firs’ major sign of the disease: marked pallor, hepato-splenomegaly, bleeding 
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BONE 
MARROW PERIPHERAL 
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Fig. 3. The results obtained within the various elements of bone marrow and _ peripheral 

blood in: five remissions following aminopterin treatment, twenty remissions following hor- 

mone treatment, and seven remissions following ‘“‘ecombined treatment’’. In some cases the 

relapse did not include all the elements of the blood, and these ‘‘before treatment normal 

values” have been indicated separately. Bone marrow aspirations have not been performed 
during all the remissions. 


tendency, and severe bone and joint pains. In most patients the first symp- 
toms were soon followed by other signs, which leave no doubt of the diagnosis, 
but among our 44 patients there were three in whom the course of the disease 
differed from that usually seen. A short discription of these patients will be 
given later. 

According to the various periods of therapy the 44 patients have been 
grouped as follows (Table 3): 

I: 1939-45, before the introduction of sulfonamides and antibiotics. 14 
patients. 

II: 1946-48, after the introduction of these drugs, 8 patients. 

III: 1949-51, treatment with aminopterin, 7 patients. 

IV: from 1951, .reatment with hormones and folic acid antagonists. 15 


patients. 
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TABLE 3 
The average survival time within the various groups. 


I: 1939-45 (“supportive measures’’) 
II: 1946-48 (+sulfonamides and antibiotics) 
III: 1949-50 ( + aminopterin) 
IV: 1951-53 ( + hormones and a-methopterin) 


Number of Average 
patients |survival time 


Group I 14 4.6 months 
Group II 8 3.4 » 
Group IIT . 7 6.1 » 
Group IV . 15 8.0 » 


A gradually increasing survival time during the years before the intro- 
duction of the new agents was observed by several investigators, as recently 
reviewed by BIERMAN and co-workers (1). This has been ascribed to the 
better care of the patients, the more liberal use of blood transfusions, and 
the increasing number of antibiotics. A similar change of the survival time 
is not seen within the first two groups of this small material, while a com- 
parison of the groups before (I and II) and after (IIIT and IV) the folic acid 
antagonists and ACTH shows that the average survival time has increased 
from 4 to 7 months (Table 3). The average survival time of the 13 patients 
who had remissions was 10 months. 

TIVEY (13) has studied the survival times of 428 children with acute 
leucemia, collected from the literature. He concludes that the average survival 
time is a misleading indication of the probable time of survival, the curve 
of distribution being skew. He recommends a statistical technique of sum- 
marising survival times on log-probability paper and to calculate the “50 
per cent survival time’’, i.e., the time at which 50 per cent of the patients 
are dead. We have used this technique in comparing the groups (Figure 4). 
Plotted in this way, the 50 per cent survival time is seen to increase from 3 
mouths (I and II) to 7 months (III and IV). 

As mentioned above, the course of the disease in three cases differed from 
that usually seen: 

boy of 8 years (group I) had a total duration of the disease of about 18 
months. The main symptoms were bone pains, and the X-ray picture of the 
ske'eton suggested a hyperfunction of the parathyroid gland. As the symp- 
ton ; progressed and as during the last weeks they became typical of leucemia, 
the bone symptoms are most likely to have been leucemic all the time. A girl 
of | « months (group III) had a history of increased capillary fragility 6 months 
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~GrRouP 
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TIME IN MONTHS 


Fig. 4. A graphic presentation of the survival time within the groups before (I + II) and after 


(IIL +-IV) the introduction of the folic acid antagonists and the hormones, plotted on log- 
probability paper. The horizontal line indicates the 50 per cent survival time. 


before leucemia was diagnosed, and a boy of 5? years (group IV) had an 
attack of leucopenia with a lowered number of thrombocytes 5 months before 
a hematological diagnosis of leucemia could be made. These preleucemic 
periods have been included in the survival times. 


Discussion 


tecently a number of reports on treatment of leucemia by folic acid antiag- 
onists, ACTH, and cortisone have appeared (2, 4, 6, 8, 10, 12). The general 
conclusion is that most remissions are seen in children suffering from acute 
leucemia, characterized by predominance of an undifferentiated leucoblist, 
probably lymphocytic in origin, in bone marrow and peripheral blood. No 
results are obtained if the leucemic changes have become too advanced )e- 
fore treatment is started, and the monocytic and chronic leucemias are not 
influenced by folic acid antagonists or ACTH. 

When remission occurs during treatment of leucemia, the possibility «f a 
spontaneous remission must be remembered. Spontaneous remissions in acute 
leucemia in children have been found in 1 per cent by GASSER and CRA‘'ER 
(6), in 3 per cent by JERSILD and MEHLSEN (7), and in 10 per cent by 1 '!A- 
MOND (3). Among the remissions seen in our patients only one seems to }) :ve 
been spontaneous, while all the 32 remissions recorded in Figures 1 an | 3 
occurred about 3 weeks after the treatment had been started. 
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Fig. 5. A graphic presentation of the hematological changes during the first six months of 

acute leucemia in a 6-year-old girl who got alternating treatment. She obtained 5 remissions 

and died 21 months after the first sign of the disease had been observed. During the last 

ACTH treatment the bone marrow displayed an enormous proliferation of the erythroblasts, 

while the leucoblasts were not influenced, and no signs of remission were seen in the pe- 
ripheral blood. 


The hematological effect of both ACTH and folic acid antagonists could 
be demonstrated within 1-3 days as a rapid decrease of the number of 
circulating leucoblasts which changed into small, darkly staining cells almost 
without protoplasma. When therapy was inducing a response, normal white 
cells and reticulocytes appeared in 3 to 10 days, and the number of thrombo- 
cytes began to increase. Normal values were reached in about 15 to 30 days. 
The changes towards normal values in the bone marrow were seen some days 
later than those in the peripheral blood. 

The remissions obtained by folic acid antagonists were as complete as 
those obtained by ACTH, but ACTH was chosen as initial treatment because 
of ‘he less dangerous side effects, and because the bleeding tendency, which 
in t'.e majority of cases was the most urgent problem during the acute phase, 
Wa: more readily controlled by the hormones which seemed to reduce it be- 
for’ any significant increase of the thrombocytes could be recorded. Besides 
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this, ACTH seemed to exert a stimulating effect on the organism, as ‘lie 
general condition of the patient improved before any hematological effect 
was seen. These experiences as to the effect of folic acid antagonists «nd 
ACTH are in accordance with those of other investigators (4, 6, 8, 10, 11, 12). 

In our material ACTH has been able to give remissions in the majority 
of cases, but not all investigators have seen a similarly good effect. Thus, 
the Medical Research Council (9) has obtained only one total and five partial 
remissions in twenty children with acute leucemia treated with ACTH, while 
fourteen did not respond. 

In our patients the urinary excretion of 17-ketosteroids and corticoids 
was within normal limits before hormone treatment and displayed a normal 
response to the therapy, even when no antileucemic effect was seen. This is 
in contrast to SNELLING and co-workers (12), who were able to demonstrate 
a parallelism between the degree of remission and the excretion of 17-keto- 
steroids. 

The effect of the combined treatment on the untreated patient does not 
seem to differ from that of ACTH alone in this material, and it seems reason- 
able to reserve this treatment for the cases which fail to respond to ACTH 
or folic acid antogonists alone, in order not to make the patients resistant 
to both drugs at the same time. 

During the last year we have tried, as have others (2, 6, 8), to prolong 
the remissions by maintenance therapy. Hormones in small dosages have 
been given to two patients during one remission each. The first of these two 
patients obtained a remission of four months, while no effect was seen in 
the other. Folic acid antagonists have been given to three patients during 
seven remissions, the average duration of which has been demonstrated in 
Figure 2 (B,). A comparison of the average duration of these seven remissions 
and that of the remaining 21 remissions of group B (B, of Figure 2) gives 
evidence that this maintenance therapy has been able to prolong the rémiis- 
sions. The average survival time within the two groups B, and B, is 13.5 
and 9 months respectively. 

Even if the number of patients treated by alternating treatment is ‘v0 
small to allow any conclusions to be drawn, the case histories indicate t iat 
this way of administering the drugs has been less troublesome to the child: 
they have been able to live at home for long periods with no symptom: of 
their disease on a dosage of folic acid antagonists too small to cause tic 
side effects, specially when a-methopterin was employed. Aminopterin ».W 
and then caused a light stomatitis which was easily controlled by a few d. 8’ 
treatment with leucovorin and a temporary discontinuation of the dru 

From the results obtained during the three years where both ACTH «id 
folic acid antagonists have been used, the following conclusions can be drs. 1: 
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by treatment it has been possible to obtain remissions and to increase the 
survival time in most cases of acute leucemia in children. More important 
still, the treatment has in the majority of cases enabled the children to live 
at home for relatively long periods without symptoms. During the last re- 
lapse, which in most cases was of a short duration, the sufferings of the 
patients were relieved by a liberal use of analgesics. 


Summary 


By treatment of 22 children with acute leucemia by ACTH and/or folic 
acid antagonists, complete and partial remissions have been obtained in 13 
patients, in a total number of 32. The average survival time of all these 22 
patients is 7 months, and that of the 13 who got remissions, 10 months. 
Twenty-two patients from an earlier period survived 4 months on an average. 

The best results have been obtained by alternating treatment by ACTH 
initially and at relapses and a-methopterin in maintenance dosages during 
the remissions. 

The burden and painfulness of the disease seem to be relieved by the 
treatment even if the final result is unaltered. 
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Aus dem Kinderspital (Direktor: Prof. E. FRrEuDENBERG) und aus dem Pathologis«h- 
anatomischen Institut (Direktor: Prof. A. WERTHEMANN) in Basel. 


Zur Kenntnis der Cystinosis 


von E. FREUDENBERG und F. ROULET 


Den vorzulegenden Beobachtungen liegt der Fall zu Grunde, iiber welchen 
der eine von uns kiirzlich berichtet hat (5). Ausserdem aber wurde zuriick- 
gegriffen auf den 1947 von HOTTINGER beschriebenen Fall (6), sowie den 
noch alteren von ROULET (12) sowie von HOTTINGER (7) und von ESSER (3) 
untersuchten Cystinosefall. Wir geben tiber unseren letzten Fall zuniichst 
einige klinische Erginzungen und eine kurze pathologisch-anatomische Be- 


schreibung. 


Klinischer Bericht 


Die kleine Patientin wurde mit 12 Monaten aufgenommen und nahezu wiihrend 
des ganzen zweiten Lebensjahres klinisch beobachtet. Recidivierende Infekte und 
mangelndes Gedeihen und Wachstum, endlich eine trotz wiederholter D-Vitamin- 
Stossdosen fortbestehende Rachitis hatten die Einweisung durch den Hausarazt 
veranlasst. Die klinische Beobachtung bestiitigte die refraktiire Rachitis, erwies das 
Vorliegen einer Glykosurie, Acidose und Hypokaliaemie. Eine Nephritis lag nicht vor. 
Die Glykosurie war renal. Im Harn wurde quantitativ insgesamt, sowie durch Papier- 
chromatographie (HOTTINGER (8)) qualitativ eine Aminoacidurie von bis zu 17 Amino- 
siiuren festgestellt. Im Knochenmarkspunktat fanden sich sehr reichliche Ablage- 
rungen von Cystinkristallen, aber auch andere, nicht als Cystin ansprechbare nadeifor- 
mige Kristalle. Der Urin gab fast stindig eine starke Reaktion nach Brand (Cystin). 
Auf Zufuhr von Adenylsiure per injectionem (i. m.) wurde eine deutliche Besserung 
erreicht, besonders der Rachitis und der Glykosurie, auch wurde weniger neutraler 
und inehr oxydierter Schwefel ausgeschieden. 

Vom Ende des 21. Lebensmonates an setzten stiindige und nicht zu behebende 
Fieberbewegungen ein. Das Kind fing erneut an zu erbrechen, der Befund der H:ind- 
wurzel im Réntgenbild verschlechterte sich wieder. Wenige Tage vor Vollenduny «es 
zweiten Lebensjahres starb das Kind. Die Therapie mit Adenylsiure war am End: des 
20. Lebensmonates abgebrochen worden. Es wurde versucht, andere organi-che 
Phosphatverbindungen zur Therapie heranzuziehen. Zunichst wurde Cocarbox) !ase 
mehrere Wochen i. m. gegeben in der Dosis von 50 mg pro die. Sodann wurde in glei: lier 
Dosis Flavinphosphat erprobt, ebenfalls bei intramuskulirer Zufuhr. Zuletzt 
mit grossen Dosen von Adenosin (500 mg per os) ein Versuch gemacht. 

Wir miissen, ehe wir auf die Versuchsresultate eingehen, sagen, dass dera:: ige 
Versuche bei einem schwerkranken Kinde mit wechselndem Appetit und wechse!) ler 
Nahrungsaufnahme, Fieberbewegungen und Organschiiden nicht die Bedingui 
eines naturwissenschaftlichen Experimentes erfiillen, bei dem “ceteris paribus” 
ein Faktor variiert wird. Die Cetera bleiben nicht konstant. 
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Datum 25.2. 24.3. 3.7. 31.8. 20.10. 10.11. 22.12. 5.1. 26.1. 
Alkalien 
Alkalie 
Alkalien Cholin | Alkalien | Alkalien 
Cholin Alkalien 
Cholin 0,5 g Adenosin-| Cocar- Flavin- . 
Behandlung Alkalien ebenso | ebenso | boxylase | phosphat 
mg triphos- 3 I I 
siiure ae 50 500 mg 
Cocar- phat ov mg mg 
250 mg per os 
bexylase 20 mg 
i,m. 
hesamt-N mg/Tag . 1093 2275 2100 {1884 2740 2640 1080 2480 3350 
pro ke « 17: 345 300 269 391 367 156 354 472 
mmoniak mg/Tag. . 93,6 81,8 92,1] 105,8 165,9 179,2 108,2 195,9 182,0 
Ammoniakkoeffizient . 8,6 3,6 4,4 5,6 6,1 6,8 10,0 7,9 5,4 
Auinosiiture-N mg/Tag 166 371 250 336 195 175 107 177 197 
15,0 16,3 11,9 17,8 6,6 9,9 5,9 
esamt-SO, mg/Tag . - 117,0 157,9| 114,6] 280,1 344,0 243,5 266,1 340,0 
Meee <5) 4s SS - 23,5 31,7 27,6 48,4 48,9 49,8 49,6 49,5 
utralschwefel mg/Tag | 70,0] 67,8 39,8 65,9 100,5 113,6 116,1 
veutralschwefel in % . - 50,8 30,7 3152 12,5 16,1 29,2 29,9 25,4 
Sulfate 
93,5 126,1 87,0| 232,2 295,0 193,5 216,8 201,20 


Mit dieser Einschriinkung ist zu sagen, dass die aufgeziihlten Medikamente weniger 
gut gewirkt haben als die Adenylsiure. Der Neutralschwefel steigt an, die anorgani- 
schen Sulfate zeigen eine Tendenz zur Abnahme, die Atherschwefelsiiure dagegen bleibt 
auffillig konstant. Der Aminosaurestickstoff nach dem Tagesbetrag beurteilt bleibt 
ungefiihr auf gleicher Héhe und ebenso der Aminosiiure-Koeffizient. 


Die Versuche mit Cocarboxylase und Flavinphosphat waren in tolgender 
Uberlegung unternommen worden: Wenn der Adenylsiure ein gewisser thera- 
peutischer Effekt zukommt, so ist dies einmal dadurch méglich, dass dem 
Organismus eine energiereiche Phosphatverbindung zur Verfiigung gestellt 
wird, die in den Metabolismus gemaéss ihrem Energiegehalt eingreift; zum 
Andern aber ist auch an einen spezifischen Effekt zu denken in dem Sinne, 
dass die beim Abbau der Schwefelverbindungen vor sich gehenden enzyma- 
tisclen Prozesse geférdert werden. Das Ergebnis der Versuche spricht mehr 
im Sinne der zweiten Méglichkeit. Leider war es nicht méglich, das unseres 
Erachtens besonders aussichtsreiche Pyridoxalphosphat uns zu beschaffen. 
Ma muss sich bei solechen Versuchen einer Tatsache bewusst bleiben: die 
gill tigste erreichbare Méglichkeit ist die, dass die weitere Ausfallung von 
Cys'in im Gewebe verhindert wird. Dagegen ist eine Wiederauflésung einmal 
abe lagerten Cystins in keinem Falle zu erwarten. Der durch bereits erfolgte 
Al’ :gerungen gesetzte Schaden wird sich also, wenn er einen gewissen Grad 
deletar auswirken. 
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Bei der Vergleichung der verschiedenen Substanzen wirkte es stérend, diss 
nicht gleiche Tagesmengen gegeben werden konnten. Dem standen die phi.r- 
makologischen Nebenwirkungen der gepriiften Stoffe (Adenosintriphosph:t!) 
entgegen. 

Pathologisch-anatomischer Bericht 

S.N. 208/54, 2jahriges Madchen, Koérperlinge 75 em, Koérpergewicht 7,100 kg. 
Deutlicher rachitischer Rosenkranz, angedeutete Kraniotabes. Am deutlichsten waren 
bei der Sektion die mit blossem Auge wahrnehmbaren kristallinischen Ablagerungen 
in Milz und Lymphknoten: Das Gewebe war von dichtliegenden, ziemlich diffus 
verteilten, blassgelben Koérnchen tibersit. Es bestand wie in den beiden friiheren 
Fiillen ein charakteristisches Glitzern. Am dichtesten liessen sich diese Ablagerungen 
in den Lymphknoten der cervikalen und paratrachealen, weniger in den mesenterialen 
Gruppen nachweisen. In den iibrigen Organen waren Ablagerungen mit blossem Auge 
nicht zu sehen. Die Nieren waren klein (zusammen 53 g), erschienen kompakt, mit 
verwaschener Zeichnung und blasser Oberfliche; Rinde héchstens 4} cm dick. 


Die mikroskopischen Untersuchungen bestitigen z.T. die friiheren Be- 
funde im Falle Br. (8S. N. 838/40): Ablagerungen von Cystinkristallen in allen 
Teilen des reticulohistiozytaren Systems unter erheblicher Schwellung der 
Zellen, welche oft so dicht durch feine Kristalle gestopft sind, dass die Kerne 
kaum noch darstellbar sind. In der Milz findet die starkste Ablagerung in 
der roten Pulpa statt, die Follikelreticulumzellen enthalten nur Ausserst 
sparliche kleine Cystinkristalle. In den Lymphknoten sind es wieder die Reti- 
culumzellen der Markstrainge, welche am starksten gespeichert haben; die 
Sinusreticulumzellen sind weniger beteiligt. Relativ reichlich sind die Kupf- 
ferschen Sternzellen der Leber und die interstitiellen Zellen der Nebennicren 
im Bereich der Adventitia der Kapillaren beteiligt. Die Ablagerungen sind 
sehr dicht in der Conjunctiva bulbi, in den adventitiellen Zellen der Haut- 
gefasse, des Interstitiums der Schilddriise, der Speicheldriisen, des Pankreas, 
der Thymus, des EHierstockes, der Lungen und der Magendarmschleim)h:ut 
(hier vor allem in der Membrana propria). Im Zentralnervensystem sind die 
weichen Hirnhiute und wesentlich starker die Adergeflechte beteiligt. 

Die Nierenveranderungen beanspruchen etwas mehr Interesse: Es best cht 
eine ausgesprochene Verdichtung des Interstitiums ohne entziindliche Rund- 
zelleninfiltrate und mit mehr oder weniger reichlicher Cystinablagerung. I iese 
ist an der Markrindengrenze am ausgepragtesten. Die Tubuli sind oft :us- 
geweitet, ihre Epithelien sind manchmal doppelkernig, oft auch mehrker ig; 
diese Kerne sind vergréssert und hyperchromatisch (Abb. 2a). Hin ind 
wieder liegen in den weiten Tubuli grosse Rundzellen, welche Cystinkris: ile 
enthalten (Abb. 2b). Die Basalmembranen sind selten verbreitert und ‘ur 
in geringem Grade lipoidhaltig. Im Gegensatz zu den Tubuli erscheinen «ie 
Glomerula wenig verindert; sie liegen in der Aussersten Rinde besonders | ul- 
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Abb. 1. Fall M. T. (S. 208/54). Lymphknoten: Neben hexagonalen Cystinkristallen liegen 
reichliche, nadelartige Kristalle willkiirlich im Gewebe, meist ausserhalb der Cystinablage- 
rungen (Vergr. 600 * ). 


fallend dicht nebeneinander. Die meisten sind unversehrt; sehr selten besteht 
in den Epithelien des Kapselblattes eine Kernhyperchromasie; Synechien 
fehlen. Hingegen lassen sich hie und da Glomerula nachweisen, welche eine 
beginnende Verdichtung des Mesoangium zeigen, oder solche, die fast wie 
embryonale oder friihkindliche Glomerula aussehen. 

Der Knochenbefund ist der gleiche wie in unseren friiheren Fallen; er 
entspricht einer rachitischen Ossifikationsstérung mit deutlicher, wenn auch 
nur leichter Markfibrose und Osteosklerose; die letztere ist besonders an der 
Corticalis der Rippen und der langen Réhrenknochen ausgepragt. 

Lenkt man nun sein Augenmerk auf den abgelagerten Stoff, und vergleicht 
man zunachst die kristallinischen Ablagerungen in den verschiedenen Orga- 
nen miteinander, so fallt auf, dass die gréssten Mengen in Milz, Lymph- 
knoten und Knochenmark auftreten, was ja nach dem makroskopischen 
Befund zu erwarten gewesen ist. Die sechseckigen Tafeln des Cystins sind 
von sehr verschiedener Grosse; als kleinste dichtliegende Gebilde fiillen sie 
einerseits das Zytoplasma der Reticulumzellen aus und sind kaum messbar. 
Andcrerseits liegen sie manchmal als gréssere isolierte Tafeln extrazellular 
und erreichen dabei einen Durchmesser von 11—14 py. Von der Kante aus 
gesc cen stellen sie scharfrandige, gleich lange schmale Rechtecke dar. Diese 
Befinde decken sich mit den bisherigen Beobachtungen in verschiedenen 
Fal!-n von Cystinosis. Sie entsprechen sozusagen dem tiblichen Bild bei dieser 
Kray kheit. 

‘ben diesen Kristallen, die man sofort als Cystin identifizieren kann, 
liey » frei im Gewebe, an keinerlei Struktur gebunden, weitere kristallinische 
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Abb. 2. Fall M. T. Niere: a) Dichte Lagerung der Glomerula. Man beachte vor allem die 

tubularen Veranderungen mit Mehrkernigkeit der Epithelien, z.T. auch Tubulusatro) hie. 

Leichte Vermehrung des Interstitium, keine Entziindungszeichen (Hamatox. Eos. Vergr. 

100 x). 6) Intracellulire Cystinablagerungen in der Lichtung einer erweiterten Sammelrohre 
(Vergr. 250 ). 


Ausféllungen: es handelt sich um lange, schmale, nur wenig doppelbrechende 
Nadeln. Sie sind oft ausserordentlich schlank und kénnen eine Lange von 
42 » erreichen, in der Mehrzahl jedoch sind sie 20—28 » lang. Man trif! sie 
in den Lymphknoten sowohl im Sinusbereich als in den lymphatis: lien 
Striingen, nie in den Reaktionszentren der Follikel. Sie liegen isoliert od: in 
kleinen Gruppen, seltener in Biischelform und stets ausserhalb der Cy-tin- 
ablagerungen (Abb. 1). In der Niere sind diese nadelf6rmigen Kristalle ha 'pt- 
sichlich in den Glomerula zu finden, fast immer im Mesoangium, selt ner 
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Abb. 3. Fall M. T. Néere: Nadelférmige, sehr schlanke Kristalle im Mesoangium eines Glomeru- 
lum neben feinsten Cystinkristallen (Vergr. 450 * ). 


dem visceralen Epithel angelagert oder frei im Kapselraum (Abb. 3). Die- 
selben Glomerula beherbergen kleine Cystinkristalle, deren intrazellulare 
Lage nicht immer beweisbar ist. Die Conjunctiva bulbi enthalt ebenfalls 
beide Kristallformen: die Nadeln sind frei im Bindegewebe, zwischen den 
Fasern, wahrend das Cystin stets intrazellular vorkommt. In der Leber liegen 
oft sehr lange Nadeln (bis zu 40 2), quer in den Sinusoiden oder ausserhalb 
der Blutbahn zwischen den Leberzellbalken und der Sinusoidwand, willkir- 
lich gestellt, gelegentlich auch wie in einer Kupfferschen Sternzelle wie an- 
gespiesst. 

Diese nadelférmigen Gebilde sind auffallend reichlich, aber nur in alkohol- 
fixiertem Material nachzuweisen und zwar in Schnittpraparaten erst dann, 
wenn zur Kernfarbung alkoholische Farbl6sungen verwendet werden und wenn 
man dafir Sorge tragt, dass die Schnitte weder mit Wasser noch mit saurem 
oder alkalischem Alkohol in Kontakt kommen. Auf Grund dieser Beobachtung 
wurden Sehnitte von alkoholfixiertem Material der beiden friiheren Beobach- 
tunven auf ahnliche Weise untersucht. Wir konnten in Milz, Leber und 
Knochenmark sowohl des friiher veréffentlichten Falles Br., 71/,J. g, 8S. N. 
838 10, als auch in einem spateren Fall Mad., 1J. 3, S. 545/46, die gleichen 
Befunde erheben. Es sind allerdings in diesen beiden Fallen die Nadeln ein 
wenis seltener, oft auch kirzer. Beim 71/,-jahrigen, der eine auffallend 
cre Nierenveranderung aufgewiesen hatte, sind weder nadelférmige 
Geb'de, noch Cystinkristalle in den Glomerula darstellbar, wahrend beim 
ljéligen Knaben die Cystin-Ablagerungen wie beschrieben deutlich in 
Ers heinung treten. Dieser Fall lasst iibrigens ausserordentlich klare, lange 
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Abb. 4. Leber: links liegt eine lange Nadel quer durch die Lichtung eines Sinusoids. Oben 
und rechts: Cystinablagerungen in den Kupfferschen Sternzellen (Vergr. 700 ~ ). 


Nadeln in der Leber demonstrieren (Abb. 4). Wir hatten seinerzeit diese be- 
sonderen Kristallformen nicht gesehen, weil die soeben angefiihrten Vor- 
sichtsmassnahmen bei der Behandlung der Schnittpraparate nicht strikte 
eingehalten wurden. 

Bis jetzt haben lediglich BOEHNCKE, WEYERS und TEPE (2) auf nadel- 
férmige Kristalle aufmerksam gemacht, die in der Bindehaut eines Cystinosis- 
falles nachgewiesen werden konnten. Diese nadelf6rmigen Ablagerungen 
zeigten eine positive Doppelbrechung und wurden als ,,Cystinpeptid’’ ange- 
sprochen. Ein Vergleich der veréffentlichten Bilder dieses Falles mit unseren 
Befunden lisst darauf schliessen, dass man es héchstwahrscheinlich mit den 
gleichen nadelf6rmigen Gebilden zu tun hat, die tibrigens auch FREUDENBERG 
(5) in seiner ersten klinischen Besprechung des hier abgehandelten Falles ab- 
bildet. Uber die Identifizierung dieses Stoffes wird in einem weiteren Teil 
dieses Aufsatzes berichtet. 

Bei der histologischen Aufarbeitung des Materials stechen besonders zwei 
Tatsachen hervor: die extrazellulare Lagerung der Kristallnadeln einersvits, 
ihre Lokalisation in den Glomerula andererseits. Es ist sehr auffallend, «ass 
in den Lymphknoten z. B. Gruppen von Reticulumzellen aufs dichteste mit 
Cystin gefiillt sind, wihrend daneben, zwischen Lymphozyten und den son- 
stigen Gewebsbestandteilen die langen Nadeln liegen (Abb. 1). Auch finden 
sie sich in der Leber nicht wie die Cystinkristalle in den Kupfferschen Sfcrn- 
zellen, sondern in der Wand der Sinusoide, gelegentlich bis in die Ge! .iss- 
lichtung hineinragend. Es sei bemerkt, dass freie Cystintafeln in der L. ber 
nicht vorkommen (auch nicht in den beiden friiheren Beobachtungen). | :.cse 


Befunde kénnen darauf schliessen lassen, dass man es dabei mit ei em 
anderen Stoff als Cystin zu tun hat; diese Annahme wird durch die au fal- 
ar- 


lende Lagerung in den Glomerula weiter unterstiitzt, welche ein Novum 
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stellt. Im friiher beschriebenen Fall Br. (1941), den wir diesbeziiglich kon- 
trolliert haben, lassen sich keine derartigen Befunde erheben; im zweiten 
von uns beobachteten 1jahrigen Kind Mad. verhalt es sich ebenso: die 
Kristallablagerungen sind in der Niere alle tafelférmig, meistens hexagonal 
und intrazellular. In diesem zweiten Fall tibrigens sind nur sehr geringgradige 
Parenchymveranderungen an der Niere zu verzeichnen; die Glomerula sind 
unverandert, die Tubuli weisen hin und wieder besonders in den Haupt- 
stiicken mehrkernige Epithelium auf; die Zellen sind leicht geschwollen, das 
Interstitium ist frei von entziindlichen Zellinfiltraten und erscheint nur leicht 
verbreitert. Wenn man diese Niere von einem Einjahrigen mit derjenigen des 
zweijahrigen Madchens M. T. vergleicht, so kann man eigentlich annehmen, 
es handle sich beim Kind M. T. um ein weiter fortgeschrittenes Stadium 
der gleichen Krankheit. Geschadigt werden zundchst die Tubuli, eventuell 
infolge der Resorption der abnormen Stoffwechselprodukte. Die Glomerulo- 
sklerose, z. T. mit Wucherungen des Kapselblattes und Halbmondbildungen, 
wie sie in unserem ersten Fall Br. und sodann in anderen Fallen der Literatur 
beschrieben worden sind, kénnte als sekundiérer Prozess gedeutet werden. 
Es ist allerdings auch auf die Tatsache aufmerksam zu machen, dass beim 
zweijahrigen M. T. einige Glomerula ein fast noch embryonales Bild auf- 
weisen, So dass man auch an eine Unterentwicklung, wenn auch nur parti- 
eller Art, des Nierengewebes denken kénnte. Sehr auffallig ist in beiden 
Fallen, sowohl beim ein- wie beim zweijahrigen, gegeniiber den Befunden an 
ilteren Kindern, das vollstaéndige Fehien von Entziindungszeichen im Nie- 
reninterstitium, was ebenfalls darauf hindeutet, dass die Nierenschadigung 
wohl zunaéchst eine epitheliale ist, im Bereich der Tubuli, und dass alle 
weiteren Veranderungen, inklusive die entziindlichen Reaktionen, sekundare 
Erscheinungen darstellen. 


Diskussion 


Der wesentliche Befund, der erértert werden soll, ist der von nadelférmigen 
Kristallen bei Cystinosis, auf welche, wie oben erwahnt, bereits BOEHNCKE, 
WEYERS und TEPE (2) aufmerksam gemacht haben. Diese Autoren dachten 
an cin Cystinpeptid. LINNEWEH und HELLNER (9) wenden sich gegen den 
Versuch, eine andere Substanz als Cystin als Speicherstoff anzunehmen. Sie 
koniten mit réntgenographischer Untersuchungstechnik in der Milz des 
Falls von BOEHNCKE, WEYERS und TEPE (2) keine andere Substanz als 
Cyst.n finden, von dem sie 8 + 1% der Trockensubstanz annehmen. Uns 
haben Sehnitte eben und derselben Milz vorgelegen. Sie enthalten nadel- 
forn ige Gebilde in sparlicher Menge neben viel Plattchen und Rechtecken, 
wie sie fiir Cystin typisch sind. Wir schatzen das Verhaltnis 1:50 bis 1:100 
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Abb. 5. a) Tyrosinase-Reaktion an einem Lymphdriisenschnitt. b) Tyrosinase-Reaktion an 
einem Leberschnitt. Charakteristisch sind die schwarzen Flecke. Die langen schwarzen 
Striche sind Kunstprodukte. 


nach dem optischen Eindruck. Damit liegen sie unter der durch Réntgeno- 
graphie nachweisbaren Menge. 

Der eine von uns (Fr., 5) hat bereits gezeigt, dass man unter geeigneten 
Arbeitsbedingungen eine positive Tyrosinasereaktion im Knochenmark bei 
Cystinosis erhalt. Die Methode ist an anderer Stelle beschrieben (5). Sie gab 
auch an Sehnitten von Lymphdriisen, Leber und Milz positive Resultate. 
Abb. 5a und 5b. 

Was kann man gegen sie einwenden? Es muss zugegeben werden, dass (las 
Pilzenzym mit allen Metaboliten des Tyrosins und anderen Tragern einer 
Phenolgruppe wird reagieren kénnen. Da die Schnitte und Ausstriche vor 
Anstellung der Reaktion nicht mit Wasser in Berthrung kommen, so kénnen 
solche Stoffwechselprodukte im Ausstrich oder Schnitt vorhanden sein. 

Wir haben uns auch bemiiht, aus der Literatur Hinweise tiber das Vorkom- 
men anderer Kristailformen des Cystins zu erhalten. Tatsachlich gibt es solche. 

Erstens hat MORNER (10) schon 1899 gezeigt, dass protrahierte Hydro! vse 
von Hornsubstanzen endlich zu einem Cystin fiihrt, das lange Nadeln und 
spitzige Blattchen bildet und als ununterscheidbar von Tyrosin bezeic!:iet 
wird. Aber dieser Stoff ist optisch inaktiv und wird als Gemisch des nai ur- 
lichen, linksdrehenden Cystins mit d-Cystin erklart. Da bei einer kiirz« ren 
Hydrolyse (bis zu 8 Tagen) nur die /-Form entsteht, die typisch kristallis: ‘rt, 
so beruht die zweite Form auf einer Veranderung durch das angewai ‘ite 
Verfahren. Fiir unseren Fall scheidet die Méglichkeit eines d-Cystins ganz ich 
aus, da die d-Aminoséuren unter natiirlichen Bedingungen nicht vorkomm:<n. 
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ine weitere Méglichkeit haben NEUBURG und MAYER (11) 1905 nachge- 
wivsen zu haben geglaubt. Sie fanden einen Cystinstein, der aus Nadeln auf- 
gebaut war, wobei sich normale optische Aktivitat ergab. Auf Grund mannig- 
facher chemischer Untersuchungen kamen die Autoren zum Schlusse, dass in 
manchen Cystinsteinen das Cystin in Gestalt einer isomeren Verbindung vor- 
liege, welche in Nadeln kristallisieren sollte. 

Dieser Auffassung wurde noch im gleichen Jahr durch Emit FISCHER und 
SuzuKI (4) der Boden entzogen. Sie beschafften sich etwas von dem Material, 
das NEUBERG und MAYER (11) beniitzt hatten, und wiesen nach, dass es eine 
kraftige Millonprobe gab. Im iibrigen stellten sie eine véllige Identitat des 
Steincystins mit dem aus Horn und Haaren gewonnenen Proteincystin fest. 
Sie nehmen an, dass da, wo Nadeln vorliegen, Tyrosin vorhanden sei. Gleich- 
zeitig weisen sie auf den Befund von ABDERHALDEN und SCHITTENHELM hin, 
die bei Cystinurie gleichzeitige Tyrosinurie nachgewiesen hatten. Ein gene- 
reller Befund ist dies nicht, wie es auch Cystinsteine gibt, die kein Tyrosin 
enthalten. 

Erwahnenswert erscheint uns noch Folgendes: Wir erhielten aus einem sauren 


n . 
Auszug von Lymphdriisen unserer Patientin durch : HCl, der zentrifugiert, abgegossen 


und dann auf pH 4.5 eingestellt wurde, zuerst nur Cystinplattchen. Nach wochen- 
langem Stehen bei Zimmertemperatur kristallisierten feine, lange Nadeln aus. 

Der Befund von BAAR und BICKEL (1), dass Cystin aus 30% Albumin, 
5°, Gelatine oder 1% Agar in Nadeln kristallisieren kann, kann nicht ohne 
weiteres auf vitale Verhaltnisse tibertragen werden. Wir selbst bekamen aus 
eingeengtem Serum, in dem Cystin auskristallisierte, ganz tiberwiegend hexa- 
gonale Plattchen und nur ganz vereinzelte Nadeln. Die Ausmessung derselben 
ergab eine durchschnittliche Lange von 83 yp, also 2- bis 4mal die Lange der 
im Gewebe gefundenen. 

Wir haben uns bemiht, auch mit andern Verfahren als der Tyrosinasemethode 
weiter zu kommen. Aber weder sind die Léslichkeitsunterschiede zwischen Tyrosin 
und Cystin gross genug, um auf ihnen ein Verfahren aufbauen zu kénnen, noch eignet 
sich das Kupferazetat hierzu, das nur mit Cystin ein unlésliches Salz bildet. Wenn 
nacl: der Applikation einer Kupferazetatlésung die Nadeln verschwinden, so ist zweier- 
lei in6glich: Einmal kann das Cystin die Kupferverbindung geliefert haben, wihrend 
das T'yrosin im Lésungsmittel aufgelést wurde. Aber auch wenn gar kein Tyrosin 
vor':g, muss das Versuchsresultat dasselbe sein. Das supponierte nadelformige Cystin 
wit: '¢ bei soleher Annahme eben mitreagieren und verschwinden. Eine Entscheidung 
wir’ nicht gefallt. 

ir halten es fiir wahrscheinlich, dass die Nadeln aus Tyrosin bestehen: 

Wegen der im pathologisch-anatomischen Teil angefiihrten anderen 
Lo xlisation und Verteilung fiir Nadel- und Plattchenformen, die bei einem 
un demselben Stoff unversténdlich ware. 


- 547511 A. Wallgren 
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2. Wegen der positiven Tyrosinasereaktion. 
3. Wegen der an anderer Stelle (5) beschriebenen St6rung des Tyrosin- 


stoffwechsels. 


Zusammenfassung 


1. Klinischer und pathologisch-anatomischer Bericht tiber einen newen 


Cystinosefall nebst Ergainzungen zu friiheren Beobachtungen. 


2. Hinweis auf das Vorkommen von Nadelformen und Versuch dasselbe 


‘ 
“ 


zu erklaren. Differenzen der Lokalisation und Verteilung gegenitiber den 
Cystinplattchen sowie die positive Tyrosinasereaktion berechtigen vorlaufig 
zur Annahme, dass Tyrosin vorliegt. 
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From the Pediatric Department, Sundby Hospital, Copenhagen. 
(Chief: Senior Physician C. FrmDERICHSEN.) 


Febrile Convulsions in Children, Their Frequency and Prognosis 


by C. FRIDERICHSEN and J. MELCHIOR 


Febrile convulsions in children is a very dramatic disease which frightens 
the patient and the family; considering the speculation about the child’s 
future that the parents have as the result of the convulsions, it is easily under- 
stood why the pediatricians take great interest in this disease and its late se- 
quelae. 

As to whether the prognosis should be considered favourable or not, diver- 
gent views are given in the literature. PETERMAN (11), who has studied epilepsy 
in children for over 30 years, recently arrived at the conclusion that in the 
great majority of children with febrile convulsions the electro-encephalogram 
showed signs of an organic cerebral lesion with typical cerebral dysrhythmia 
of the petit mal and grand mal type. PETERMAN emphasized that it is the 
general practioner who most frequently observes the initial febrile convulsions, 
and that he would be well advised to consider this symptom as one of the 
most serious during childhood, as it ‘‘does not occur in a normal child”’. 

This view is definitely in contrast with our experiences and those of other 
‘investigators, especially in Scandinavia (FAXEN (2), HERLITZ (3)). The 
reason why views on the prognosis differ so much may be, among other 
things, that the number of beds occupied by children with this disease differs 
much in the various hospitals. We feel, therefore, that the present investiga- 
tion may help to elucidate the frequency and prognosis of febrile convulsions, 
as the series of cases originates from one of the hospital departments of the 
capital which often admits children directly from the casualty ward, so that 
they are observed during the seizure or immediately afterwards. In the series 
of «ises dealt with here we have left out of consideration all forms of convul- 
sions in children in which there was a known underlying cause (e.g., severe 
trarvma at birth, congenital cerebral anomalies, encephalitis, meningitis, 
em: tional seizures, intoxications, spontaneous hypoglycemia, cerebral tu- 
mors, and. the idiopathic epilepsy). 


Frequency 


(ur cases cover a 16-year period from January Ist, 1938, to December 
31s, 1953, and comprise 405 patients with febrile convulsions, representing 
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TABLE 1 
Age at first attack. 
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Age in years 


165 admissions to the department. The 60 readmissions include 39 children 
with 2 attacks of febrile convulsions and 11 children with more than 2 attacks. 
The 465 admissions correspond to about 30 cases a year, the majority of the 
cases occurring during the six winter months. The age-incidence for children 


at the first seizure is given in Table 1. The maximum is at 18 months. 


During the first 6 months of life we seldom see genuine febrile convulsions. 
When children in this age-group have convulsions with fever, the possible 


causes of the attack, in particular meningitis, should therefore be conside 
82 per cent of febrile convulsions occur within the first 3 years of 
After this age the curve shows a great fall, and after the age of 6 we | 


had only 10 cases in all, the oldest patient being 9 years old. Like 0’! 


authors we have found that the incidence of febrile convulsions is some\ 


higher in boys (224) than in girls (181). 

With regard to the causes of fever given in Table 2, the great majori 
62 per cent—is represented by the acute infections in the upper respira 
tract; in contrast, fever caused by pneumonia, otitis media and ent« 
each account for about 10 per cent. The reason why the acute epid: 
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TABLE 2 


Causes of fever for all admissions, including readmissions. 


No. of cases % 

Tonsillitis and infections of the 

upper respiratory tract .. . 290 62.4 
Pneumonia and bronchitis . . . 46 9.9 
Miscellaneous... 4s . 17 3.7 
Epidemic diseases . . . . ... 12 2.6 
Pyuria and bacteuria ..... 3 0.6 

465 


diseases cause only about 3 per cent is that patients with these diseases are 
transferred, as far as possible, to an isolation hospital. On the other hand it is 
peculiar how seldom cases of pyuria give rise to convulsions in spite of their 
frequent high temperatures. 

In order to examine how often we may expect that a febrile child will 
develop convulsions, we have enumerated all the admissions of children with 
temperatures over 37.6° C within the five-year period from January, 1948, 
to December, 1952. If we leave out the children over 7 years from this group, 
we find a total number of 1507. During the same period, 3781 children under 
7 years of age were admitted, which means that about 40 per cent of the chil- 
dren under 7 years were febrile. Among the 1507 febrile children there were 
171 children with febrile convulsions in the course of this period, which 
corresponds to about every ninth febrile child (Table 3). 

Table 4 shows the distribution of temperatures between the 1507 febrile 
children and the 171 with febrile convulsions. It has generally been considered 
that it was rather the sudden rise of temperature than the high temperature 
that initiated the convulsions. WEGMAN (14) has examined this in experi- 


TABLE 3 
Nuiber of febrile children and children with febrile convulsions under 7 years in a 
5-year period (1948—1952). 
= of these with Number of 
Number ai o 
temperatures % febrile % 
| over 37.6°C convulsions 
| 3781 1507 39.9 171 11.3 
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TABLE 4 


Temperatures in febrile children and among children with febrile convulsions. 


1507 febrile on of these 171 
Temp. ages % with febrile % 
admission 

convulsions 
—37.9 340 22.6 19 11.1 
38-38.9 574 38.1 39 21.8 
39-39.9 447 29.6 15 43.9 
40 146 0:7 38 21.2 


ments on kittens (over 5—6 weeks old) placed in an electrically heated cage. 
He demonstrated that whereas full-grown cats very seldom develop con- 
vulsions when the temperature is suddenly raised, this will often start convul- 
sions in the 5 or 6-week-old kitten. But if the temperature rises slowly, 
convulsions are rare, even in the case of very high temperatures. In the 
half-grown cat the findings are almost the same as in the full-grown animal. 

Table 4 cannot entirely confirm WEGMAN’s animal experiments; at temper- 
atures from 39° to 39.9° we found 44 per cent of the children with convul- 
sions, but only 29.6 per cent without, and at temperatures over 40° we found 
21 per cent with convulsions and only 9.7 per cent without. 

The height of the temperature thus seems to play a part in initiating the 
convulsions. In the great majority of cases we were actually informed that 
the child “suddenly ran a temperature”. The sudden rise is undoubtedly 
contributory to the convulsions in children as well as in kittens. On the other 
hand, a great rise of temperature is not always required to initiate the con- 
vulsions. In 11.1 per cent of the cases the temperature was not higher than 
37.9° on admission. 


Prognosis 


In every case of febrile convulsions in children the important question 


arises: Is this a case of incipient epilepsy? 

In reviewing the literature it seems natural to divide it into 3 groups:— 

1. Investigations in which it has been attempted to obtain informat on 
from adult epileptics about convulsions during childhood. 

2. Follow-up examinations of patients who have been admitted for feb ile 
convulsions, especially with a view to epilepsy that may have been diagno ed 
at a later date. 


(3) Ideas on the prognosis from electro-encephalographic findings in a- 
tients with febrile convulsions. 
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TABLE 5 


Incidence of epilepsy in a number of follow-up examinations. 


Number of 
cases with Epilepsy 
febrile % 
convulsions 
1935 FAxEN 238 5.0 
1942 HERLITZ 424 3.2 
1948 ZELLWEGER 105 21.0 
1950 PETERMAN 128 31.0 
195: LIvinGsTon (B) 201 3.0 
1954 FRIDERICHSEN and MELCHIOR 282 2.8 


The literature contains numerous data about the relationship between 
epilepsy and febrile convulsions in children, but in general older publications 
are not very numerous; therefore we have only included publications of recent 
years and those which comprise at least 100 patients. 

(1) With regard to the first group (NATHAN and RANSFORD (8), PATRICK 
and LEvy (9) THomM (12)), these papers are difficult to judge, as only con- 
vulsions in children, not febrile convulsions, are considered. 

(2) This group comprises a number of publications which are given in 
Table 5. 

It appears that the Scandinavian publications are the largest and also 
give the lowest percentages of epilepsy, namely from 3 to 5 per cent. 

ZELLWEGER’S (15) series originates from university clinics in Ziirich where 
many severe cases are undoubtedly admitted; therefore this publication 
shows a higher percentage of epilepsy (14 per cent of cases of epilepsy, 7 
per cent suspected of this disease) than those based upon series which perhaps 
are more in conformity with the routine of a general hospital department. 
The same applies to PETERMAN’s publication of 1950 (10). 

TOOMEY’s (13) paper and LIVINGSTON’s latest publication, which so far 
has only appeared as a report (11 and 7), and Group B of which must be 
considered corresponding to our series, show results resembling those found 
in Scandinavia. 

(°) With regard to the third group, the number of publications on this 
sub ect is not yet large. 

I France, Debré and his co-workers found normal electro-encephalograms 
in 1 of 70 children with febrile convulsions. In 9 patients, variations were 
fou'.d which could not be termed pathological. In 2 patients, typical epileptic 
cures were found, and in 5 others there were definite pathological changes. 
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The authors recommended recording of the electro-encephalogram as sovn 
as possible after the seizure. If it was normal then, a very good progno.is 
could be given. 

From the U.S.A., LENNOX (4 and 5) has published her investigation co:- 
prising 240 patients with febrile convulsions. Normal electro-encephalogra iis 
were found in 163. In the remaining 77 patients there were various deviations 
from the normal. The publications by PETERMAN mentioned in the introdic- 
tion (10 and 11) comprise 128 cases. Electro-encephalography was perfornied 
in 88, and changes were found in 86 per cent of these 88 patients. These 
papers give such a sinister outlook that we consider an analysis of our own 
results justifiable solely for this reason. 

PETERMAN says among other things: “‘Febrile convulsions do not occur in 
normal children, and even though a child has had but a single attack he has 
nevertheless a potential hereditary epilepsy, and any future seizures should 
therefore be forestalled by the thorough administration of antiepileptic 
drugs.’’ Almost the same view is expressed by LENNOX. These pessimistic 
statements form a sharp contrast with our experience. 

As already mentioned, the follow-up of our series of cases comprises those 
with febrile convulsions admitted during the period from January, 1938, to 
December, 1953, a total of 405 patients. 


We sent the following questionnaire to the families: 


(1) Do you remember whether your child has had convulsions since his, or her, 
discharge from hospital? 

(2) Has your child been admitted to other hospitals or been under medical treat- 
ment after his, or her, discharge from this hospital? 

If so, when? 

(3) Has your child attended school normally and for how long a period? 

(4) Do you think your child’s mental development has been normal? 

(5) What sort of work is your child employed in at present? 


It has been difficult to find all the families, particularly because a gicat 
proportion of our patients come from homeless-welfare homes, and ::/so 
because the period includes the years of the war. 

Three of the 405 children died soon after the first attack. A severe ati:ck 
of gastro-enteritis was the cause of the fever in all 3 cases, and the convuls')ns 
were caused by an encephalitis and cerebral oedema. We received 310 rej ‘ies 
from the remaining 402 families, i.e., 77 per cent. If we exclude the 1 '53 


cases in order to get a period of observation of at least one year, the se ies 
is reduced to 372 patients. Two hundred and eighty-two, or 76 per cen! of 


these replied to the questionnaire. In order to give an impression of the pe’ \od 
of observation, we have divided the series into 3 periods of 5 years each. As 
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TABLE 6 


Distribution of replies within 5-year periods. 


No. of = 
Year eases of eat % 
convulsions — 
1938-42 133 90 67 
1943-47 109 88 81 
1948-52 130 104 80 
1938-52 372 282 76 


TABLE 7 


Result of follow-up. 


Subsequent baker 
Year Reply subsequent % ile % observation % 
spllepsy 
attacks for epilepsy 


1938-42 90 64 wa 4 4.4 0 
1943-47 88 60 68 2 2.3 1 Poe 
1948-52 104 69 66 ] 1.0 0 
1938-52 282 193 68 7 2.5 1 0.4 


was to be expected, the percentage of replies is lowest in the group with the 
longest period of observation (Table 6). 

The result of the follow-up is given in Table 7. 

68 per cent of the children have been in completely good health. Seven 
children have developed typical epilepsy and most of them have been treated 
in special departments. One child has had no further convulsions but attacks 
resembling petit mal. If this case is included, the total number becomes 8 
cases of epilepsy out of 282 cases of febrile convulsions, i.e., 2.8 per cent. 
If the percentage of epilepsy is calculated for that part of the series in which 
the period of observation is at least 6 years, the result is 3.9 per cent. 

it appeared from the 282 replies that, when the epileptic cases were not 
included, there were 55 children who had later had one or more convulsions; 
see Table 8. 

n these 55 cases, epilepsy has not yet been diagnosed, in spite of the fact 
th! there are several with many attacks and considering that the period of 
ob -rvation is up to 16 years. But among the 55 patients there was a number 
of .evelopmental anomalies (nervousness, defective development, word blind- 
nes, speech defects). In the remaining 26 replies it was stated that there had 
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TABLE 8 


Data concerning patients who have had convulsions (others than epilepsy) 
after discharge. 


Later 
— Later presented develop- 
- 1 attack | 2 attacks | Te than mental deviations 
re ~ | 2 attacks 
1938-42 bs 3 2 8 6: 2 word blind, 
4 nervous 
1943-47 16 3 2 11 10: 2 imbecile, 
3 retarded development, 
4 nervous, 
1 word blind 
1948-52 26 15 3 8 4: 4 nervous 
1938-52 55 21 7 27 20 


been no subsequent convulsions, but that there had been mental develop- 
mental difficulties. 

The main interest in the follow-up centres on the 8 children in whom epi- 
lepsy has later been diagnosed. We whall give a brief account of their case 
histories:— 


1. 834/45, a boy. Twin A, born about 4 weeks before term. He first had convulsions 
at the age of 14 months when he had tonsillitis. Again febrile convulsions at the age 
of 16 months. Since then he has been admitted several times with afebrile convulsions, 
on the last occasions localized to the left extremities. Was in a home for epileptics 
from 1946 to 1947. Attended school normally. 


2. 268/43, a girl. Born about 3 weeks before term. She had her only attack of con- 
vulsions at the age of 16 months when she had otitis media. Since then she has l:ad 
attacks resembling petit mal occurring with decreasing frequency. Attended school 
normally. 


3. 433/42, a boy. The first convulsion occurred at the age of 18 months when he 
had tonsillitis. As there was only a slight rise of temperature on admission, the possi- 
bility of epilepsy was considered. However, soon after admission the temperat ire 
rose to 39°. Since then there have been repeated afebrile convulsions. In 1953 he was 
for some months in a hospital for epileptics. Attended school normally. 


4. 16/39, a girl. She had her first attack at the age of 2 years when she had t.n- 
sillitis. In 1941 epilepsy was diagnosed; she was admitted to a hospital for epilept «s. 
She still has petit mal. She has passed the Secondary School final examination an‘! a 
commercial school examination. 


5. 500/40, a boy. It was stated that he had his first attack of convulsions at hc ne 
at the age of 18 months. He first had convulsions in hospital at the age of 2 ye irs 
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when he had tonsillitis. He was later admitted with febrile convulsions, and, in 1941, 
was treated in a hospital for epileptics. Attends school. 


6. 563/52, a girl. She had her first convulsions at the age of 2 years and 9 months 
when she had acute pharyngitis. Soon after, she had afebrile convulsions. When she 
was admitted for the third time, epilepsy was diagnosed, inter alia by means of electro- 
encephalography. 

7. 394/51, a girl. Born before term, twin A. She had her first attack of convulsions 
at the age of 4 years when she had pneumonia. At the same time, oligophrenia was 
diagnosed. Since then there have been repeated afebrile convulsions. The patient is 
now under public welfare as mentally defective. 


8. 202/38, a boy. He had his first attack of convulsions at the age of 7 years when 
he had pharyngitis. Later, when the patient was 15 years, he had convulsions diag- 
nosed as epilepsy. Was treated in a hospital for epileptics. His development is some- 
what retarded. 


Conclusion 


The reason why our follow-up examinations do not show an incidence of 
epilepsy higher than 2.8 per cent is possibly that immediately after the con- 
vulsion we classify this in some cases under the diagnosis “observation for 
epilepsy’. We have paid special attention to 5 symptoms in the picture of 
convulsions which are of importance in the diagnosis:— 


(1) The duration of the attack. In the case of a prolonged attack (over 
30 minutes) the diagnosis will not be “febrile convulsions” but “observation 
for epilepsy”’. 

(2) Failure of treatment. If the convulsions persist in spite of treatment 
that is sufficient according to the patients’ age (e.g., the administration of 
chloral), this should arouse suspicion of epilepsy. 

(3) Focal convulsions. Case record 1 affords an example of this, as the 
patient, after the first general convulsions, later had focal attacks. 

(4) The patient’s age. If the child is over 5 or 6 years old at the time of 
the first convulsions, the diagnosis of epilepsy chould be borne in mind. 

(5) Afebrile convulsions. If the past history gives details of possible afebrile 
convulsions, this also affords the possibility of establishing the diagnosis 
observation for epilepsy soon. 

Besides these criteria which have been of great diagnostic value to us there 
are ‘wo others which have been stressed by LIVINGSTON among others in 
connection with (1) and (3). 

(6) Known familial predisposition to epilepsy, and finally 

the electro-encephalographic findings. 

PoTERMAN considers that the past history of the family is positive in about 


half the number of cases, whereas LENNOX, among over 4000 epileptics, 
four d a familial predisposition in only 3.2 per cent, and Livineston found 
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8.9 per cent among 5000 cases. In the whole of our series of cases of febrile 
convulsions we found a familial predisposition to epilepsy in 2.5 per cent, to 
febrile convulsions in 4.5 per cent, and to undefined convulsions in 4.2 jer 
cent. 

The last criterion for the diagnosis of epilepsy, and perhaps the most 
important of all, is the electro-encephalographic changes. 

The result of our follow-up has convinced us that the prognosis of febrile 
convulsions is so good that it is not justifiable in this disease to trouble the 
patients with an anti-epileptic treatment for several years. 


Summary 


In a series of 405 children with febrile convulsions, admitted to hospital 
between 1938 and 1953, 82 per cent had the first attack of febrile convulsions 
within the first 3 years of life, in most cases about the age of 18 months. 
Fifty-five per cent were boys. 

In 62 per cent of the cases the fever had been caused by acute affections 
in the upper respiratory tract. — In 12.3 per cent the children were readmitted 
with febrile convulsions. — Forty per cent of all children under 7 years 
admitted during a 5-year period were febrile. Every ninth of these had febrile 
convulsions. 

It was possible to follow up 77 per cent of the 405 children. — Sixty-eight 
per cent of the children followed up had been in completely good health since 
their discharge. — Epilepsy had been confirmed in 2.8 per cent. — In 20 
per cent of the cases there have been convulsions later on without epilepsy 
being diagnosed. About half the number of these children have, however, 
been characterized as nervous. — There have been no convulsions in alout 
9 per cent of the cases, but various mental difficulties have been present. 

In conclusion 7 criteria are mentioned which are of importance in the dif- 
ferential diagnosis between febrile convulsions and epilepsy. 
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Clinica Pediatrica dell’ Universita di Roma. (Direttore Prof. G. FRONTALI.) 


Lack of Proteins in Child Nutrition 


by G. FRONTALI 


The lack of animal proteins, particularly of certain amino acids, represents 
the essential etiologic factor, common to syndromes, called by different names 
such as Mehlnahrschaden, Starchy food dystrophy, Kwashiorkor. 

According to studies started in 1944 and carried on over a period of 9 
years by our Child Nutrition Center within the framework of the Italian 
National Research Council, the differences in the clinical pictures presented 
by these 5) dromes in different regions should be considered as non-essential. 

A survey carried out by the same Center over the whole territory of the 
Italian Republic has shown that the rate of the disease (characterized by 
nutritional oedema) reached, in 1949, 4—4.3 per cent of the children examined 
in Sicily and in Calabria, while it dropped to 0.4 per cent in Northern Italy. 
This regional distribution can be explained, considering the large milk pro- 
duction in Lombardy against the lack of milk in the South and in the islands 
of Sicily and Sardinia. Child nutrition presents similar conditions in the poorer 
classes of other regions. 

A method of clinical analysis has allowed us to eliminate with suitalble 
treatment the infections, infestations and the manifestations of different 
avitaminoses, which may be added to the lack of proteins. In fact, by so doing 
a central syndrome could be clearly traced, which disappeared only when 
complete proteins (provided with the essential amino acids) were added to the 
ration. 

This symptomatic picture appears particularly in infants during and after 
the weaning period or, generally speaking, during the whole of infancy, when 
flours, biscuits or dry bread, ground and cooked in water, substitute almost 
exclusively mother’s breast milk or cow’s milk. Common to these diets is {/ie 
absence or the poverty of animal proteins, while the starchy foods cons:st 
either of rice, or maize, or wheat, or potatoes. 


The essential symptoms are: 


(1) Arrest of growth in stature, while the weight, lower than normal, prese: ts 
wide fluctuations according to the appearance or to the disappearance of 


dystrophic oedema. 
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(2) Oedema is one of the main characteristic features of the disease. It may 
be general or limited to the pretibial regions, to the dorsal regions of hands 
and feet, while the trunk shows dry teguments, which may be raised in per- 
sistent folds. 


(3) Tegument alterations, with dyspigmentation (which affect skin and hair) 
are more evident in coloured races. In white children we have seen more often 
hyper- than hypopigmentation. A characteristic dermatosis different from 
pellagrous manifestations can also be observed in white children. 

(4) The laboratory findings prove the existence of hypoproteinaemia, in- 
version of albumin-globulin ratio (confirmed by electrophoresis), which be- 
comes rectified during treatment with animal proteins, while oedema is 
reabsorbed. 

(5) The study of ionogram, expressed both in mg per cent and in milli- 
equivalents, shows a strong reduction of the total milliequivalence, i.e. a 
hypoelectrolytaemia, which also results from the average ionogram of 20 cases 
of starchy food dystrophy compared with one of 20 normal infants. 

(6) The extracellular fluid, determined by the method of sodium tiocyanate, 
increases up to 31—46 per cent of the body weight, i.e. 1!/,—2 times the 
normal value during the oedematous phase, and decreases during treatment 
nearly to normal values. 

(7) A marked reduction of tryptic, amylo- and lipolytic power in the 
duodenal fluid is an early finding. 

(8) Liver steatosis and alterations of the exocrine pancreas (with reduction 
of zymogen granules) complete the picture from the anatomo-pathological 
standpoint. 


Added to this central constant syndrome various avitaminotic manifestations 
may also be present, according to the different starchy foods used (rice, 
maize ete.) with or without the addition of vitamin A containing fats, as for 
instance: xerophthalmia, beri-beri with polyneuritic and cardiac symptoms, 
or pellagrous manifestations as well as ariboflavinosic keilosis or glosso- 
pathia. 

These additional avitaminoses in our experience disappear after the cor- 
responding treatment with pure synthetically prepared vitamin factors, 
while the central syndrome does not change until animal proteins (dry skim- 
me’ milk, soluble calcium caseinate, cheese, enzymatic casein hydrolysate, 
as vell as plasma transfusions or drip infusions of amino acids in suitable 
con. plete mixtures) are added to the ration. 
lhe diets which lead to starchy food dystrophy as well as to kwashiorkor, 
or (better) to hypoproteinosis, are all similar in the tropical and subtropical 
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regions of the different continents, being made up by rice, maize, mill, 


-assava meal etc., i.e. starchy foods poor in proteins and particularly lackiig 


certain amino acids such as lysine, methionine, cystine and tryptophane. 


But the information about the amino acid content of different cereals «id 
tubers which constitute these diets is still rather incomplete. 

In particular the lack of sulphur-containing amino acids (as cystine and 
methionine) represents the most common deficiency in African children ted 
on manioe gruel. 

Nevertheless neither the addition of methionine nor that of choline to 
kwashiorkor-producing diets had a curative effect (WATERLOW). 

We ought to be better informed about the amino acid content of the dif- 
ferent diets producing the disease in comparison with those which are neces- 
sary for tissue anabolism. 

The simultaneous presence in certain proportions of the different essential 
amino acids ingested has a fundamental importance in tissue protein building. 
The unbalanced mixtures are utilized in the measure which is rendered pos- 
sible by the most insufficient amino acid, thus limiting the anabolic value of 
the mixture. 

Correct proportions obviously can be found in proteins of high biological 
value (as meat, milk, eggs). 

According to the data of BoLLING and Brock the amino acid content of 
wheat proteins shows a reduction of lysine to less than half of the required 
proportion. The addition of /-lysine to wheat bread has afforded a 100 per cent 
increase of its nutritional value, giving the possibility of synthetizing thie 
double of the tissue weight compared to the effect of unfortified bread (.\L- 
BANESE). Similar proportions have been found for other cereals: barley, 0:'(s, 
millet and so on. 

An addition of l-lysine to such flours, when given to babies during (lie 
weaning period, should have a growth-promoting effect. 

The amino acid spectrum of white rice shows a reduction to one half ot (he 
lysine content and also of threonine in rat experiments (as if this spe: ies 
could use up only half of what is indicated by microbiological analysis) ¢:11- 
pared with the proportion necessary for tissue anabolism. 

Whole corn proteins show a reduction of lysine (to 1/3), of tryptopl: ne 
(to 1/,) and in a minor degree also of histidine. The insufficiency of try:.'0- 
phane is probably one of the causes of the increase in niacine requirement ‘nd 
of pellagrous manifestations in starchy food dystrophy, when maize is lie 


predominant nutrient in the diet. 
On the other hand the utilization of tryptophane in the production 0: !) 
cotinic acid reduces its availability for tissue anabolism. 
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But the transformation of tryptophane in nicotinic acid is conditioned by 
the presence of vitamin B,. 

in cases of B, deficiency this transformation is blocked and xanturenic 
acid appears in urine as a metabolite of tryptophane. In such cases, treat- 
ment with B, is sufficient to eliminate xanturenic acid from urine and make 
possible the transformation of tryptophane in trioxykinurenine and in nico- 
tinie acid, as MAGGIONI has shown chromatographically in our Clinic. 

All the cereals mentioned contain a good proportion of methionine + 
cystine, while in tubers, as potatoes and in a larger measure in cassava meal, 
the sum of the two sulphur-containing amino acids is insufficient. Methionine 
is also insufficient, though in a minor degree, in pulses and in soybean meal. 


A complete study of all the amino acids contained in different cereals, 
pulses and tubers, as well as in different whole diets, would have the ad- 
vantage of indicating a way by which we could supplement incomplete pro- 
teins through addition of the lacking amino acids in isolated form or through 
mixtures of plant proteins with the purpose of correcting mutually the re- 
spective deficiencies. 

Interesting results in this direction have been announced by GOMEz and 
by DEAN. 

Besides social prophylaxis, the treatment of severe cases requires emergency 
care (that is, plasma transfusions or drip-infusions of enzymatic protein 
hydrolysates) in order to avoid death on the first or second day after ad- 
mission to hospital. 

But these procedures cannot be tolerated by patients suffering from beri- 
beri with heart manifestations, disclosed by radiologic and electrocardio- 
graphie examination. Severe accidents may be avoided by injecting 24 or 
12 hours previously aneurine intramuscularly or cocarboxylase intravenously. 

After successful emergency treatment it will be possible to start the patient 
on «a protein-milk diet poor in lactose and deprived of fat, when tryptic power 
is sufficient. When this is not the case, it is advisable to use casein hydroly- 
sates with a sufficient content of methionine, cystine, lysine and tryptophane. 

This problem is now being studied in our Clinic. Aminoacidemic curves 
(whatever may be their interpretation) rise more readily and reach a higher 
peok when a casein hydrolysate is ingested than in the case of a calcium ca- 
seinate soluble product. 

l’aper chromatography which shows in the urine of normal children the 
presence of glycine and g-alanine in weak concentrations, does not reveal an 
important increase in the number or in the concentration of urinary amino- 
acids during treatment with hydrolysates, except in cases complicated with 
tos icosis. 


547511 A. Wallgren 
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On the other hand, a gradual elevation of proteinaemia is observed meiit- 
while. 

These results seem to indicate a sufficient synthesis of plasma proteins from 
the ingested and absorbed amino acid mixtures. 

The next step may be the study of the effects of the exclusion of one or 
more amino acids from, and their successive reintroduction into, the adopted 
mixtures. 

By these studies we hope to approach the solution of the problem of hypo- 
proteinosis (as we should perhaps call this condition) both from the biological 
and from the economical point of view, in the interest of all the populations 
suffering from hypoproteic malnutrition. 


Summary 


The author presents a concise picture of the research conducted by himself 
and his co-workers in the last 9 years about the lack of complete proteins 
in early childhood. 

In the complex symptomatology of the disease, which has resemblances in 
different (tropical and sub-tropical) parts of the world and which is designated 
by different names such as ‘‘starchy food dystrophy” and ‘‘kwashiorkor”, 
the author has separated, through a method of clinical analysis, the additional 
avitaminotic manifestations which can be eliminated by addition of the 
respective vitamins, thus delimiting a central syndrome, which disappe:rs 
only after administration of animal proteins. 

Research into proteinaemia, albumin/globulin ratio, ionogram, extra- 
cellular fluid, tryptic, amylo- and lipolytic power in the duodenal fluid com- 
plete the picture of the lack of proteins (“hypoproteinosis”’) as it is shown by 
Italian children. 

The lack of certain amino acids and their therapeutic effect as well as (lie 
possibility of combining different vegetable proteins together in order to 
obtain complete mixtures of amino acids at low cost for the social prophyla\is 
of ‘Shypoproteinosis”’ are discussed. 

From the therapeutic point of view the author presents his experience about 
urgent treatment and realimentation, about plasma transfusion and :d- 
ministration of animal protein hydrolysates, as well as of preparations of 


soluble caseinate. 
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From the Departments of Pediatrics and Pathology, The Children’s Memoria! 
Hospital and McGill University, Montreal. 


Hirschsprung’s Disease (Congenital Aganglionic Megacolon) 
Report of 3 Cases in Infancy Associated with Acute Colitis 


by ALTON GOLDBLOOM and F. W. WIGLESWORTH 


Hirschsprung’s disease has of late assumed increased importance because 
of the clarification of its etiology with the resultant development of surgical 
methods for its successful treatment. As with the thymus there has been 
confusion as to what was normal and what was abnormal; so have we learned 
that the megacolon was not the primary site of the disorder, but that the 
abnormality lay in the absence of ganglion cells in the myenteric plexus of a 
distal segment of the colon. Thus, the importance of accurate diagnosis 
which can lead to successful treatment is emphasized. 

Ordinarily, the diagnosis in the classical case presents no great difficulties; 
the hugely distended colon, the recurrence of fecal impaction, the finding of a 
tight ring on digital or instrumental examination of the rectum and the 
typical radiological findings; all subsequently confirmed by the dramatic 
improvement after excision of the affected portion of the large bowel. 

The purpose of this paper is to describe and discuss three cases in which 
the diagnosis was not definitely made during life because of the atypical 
nature of the symptoms and because of the association of misleading com- 
plications, as well as to draw attention to the early manifestations of the disease 
as it may occur in infants in contrast to the typical fully developed syndrome 


of later childhood. 


Case 1.—This eight-week-old female infant (M.S.) was admitted to The Childicn’s 
Memorial Hospital of Montreal on August 3, 1953, in extremis and died one |:our 
after admission. The birth history was irrelevant. Because of persistent vomiting ‘he 
child was kept in hospital after the mother’s discharge. This emesis lasted for a! out 
a month when the child seemed to improve. The only other point of note in the 
history was that the child was constipated and glycerine suppositories were used ©. ery 
three to four days. One week prior to admission the child became sick, refused ‘ood 
and screamed as if in pain. Vomiting recurred but after a day or two the child see ied 
to improve considerably. Twelve hours prior to admission she became fretful, ref sed 
her feedings and about seven hours later had four large loose green stools withi). an 


hour. She commenced to vomit and admission was advised. At the time of admi» ion 
the child was in circulatory collapse and semi-conscious. The heart sounds were fe: le. 
of 


the pulse rapid and she was severely dehydrated. There was no clinical eviden 
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Fig. 1. Case 1. Sigmoid colon showing fairly numerous slit-like ulcers along the anti-mesen- 
teric surface of the mucosa. 


acute respiratory infection. The abdomen was soft and moderately distended and 
the bowel sounds were absent. She died shortly after the commencement of intra- 
venous therapy. The clinical diagnosis was intestinal obstruction with severe de- 
hydration and circulatory collapse. 

Information obtained some weeks later revealed that this child had been a patient 
in another hospital from June 19 to July 6, 1953, for gastroenteritis and possible 
megacolon, the latter diagnosis having been suggested by the dilatation of the colon 
following a barium meal to rule out pyloric stenosis. 

Autopsy (A. 53—74) was performed 16 hours after death. The body was that of a 
normally developed but underweight child, weighing 2,720 ¢. External examination 
showed no abnormality and the umbilicus was normal. The thymus was atrophic, 
weighing only 3.5 g. The peritoneal cavity contained 100 ml of yellowish green puru- 
lent fluid, the loops of small bowel were matted together by a fibrinous exudate and 
there was a heavy fibrino-purulent exudate on the under surface of the left diaphragm. 
The ascending, transverse, descending and sigmoid colons were distended and slightly 
reddened. Lying in the anterior wall of the sigmoid about 3.0 em from its commence- 
men', there was a dark red area measuring about 0.4 em in diameter, in the center 
of which a pin point perforation could be seen from which fecal material escaped on 
pressure. The eosophagus, stomach and small bowel were entirely normal. 


xe colon was filled with a large quantity of pale yellowish green soft fecal material. 
The proximal 30 em of the mucosal surface of the colon was normal while the suc- 
ceecing 13.0 em showed a number of scattered ulcers (Fig. 1). These ulcers were located 
on ‘he anterior wall, ran transversely and were slit-like in outline. They measured 
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Fig. 2. Case 1. Aganglionic segment of large bowel. The myenteric plexus is represented only 


by two nerve bundles (centre). Outer muscularis is at the bottom of the picture. Hemalum, 


phloxin, saffron. x 110. 


0.5 to 1.5 em in length by 0.2 to 0.3 em in width. Grossly they extended through 
mucosa and sub-mucosa and possibly into the muscle coats. They were parti 
undermined with a mottled red and grey base. There was 6.0 em of normal mu 
between the last ulcer and the rectosigmoid junction. A small round, punched 
ulcer was present in the rectal mucosa 4.0 em above the anus but, otherwise, 
rectum was normal. The circumference of the rectum varied between 2.5 and 3.5 
while the sigmoid, descending colon and transverse colon measured between 6.0 
7.0 cm in circumference. 

The thickness of the wall of the various parts of the colon measured as foll: 
cecum and ascending colon 0.1 to 0.15 em, transverse, descending and sigmoid c: 
0.2 to 0.3 em, the rectosigmoid junction 0.4 em and the rectum 0.2 em. 

The remainder of the organs showed no gross lesion. Postmortem cultures 
various organs, including the peritoneum, yielded E. coli var. griinthali and str 
ecoccus sp. 


Microscopic Examination. Histological sections of all organs including the 


showed no lesion, excepting those of the peritoneum and colon. There was an a 
fibrinopurulent peritonitis although the exudate was not thick. Complete abs 


the 
lly 
the 
ind 


Ws: 


ms 


rom 


to- 


iin 
ite 


ice 


? 
pre 
Fig 
mu 
of 
cell 
of 
abi 
of 
] 
the 
as | 
the 
Inst 
mu 
ext: 
nu! 
leu 
inf] 
bee 
= in 


um, 


HIRSCHSPRUNG’S DISEASE 


Fig. 3. Case 1. Section of sigmoid colon to show the base of an ulcer extending to the external 

muscle coat. There is an inflammatory reaction in the serosa (bottom). Slightly to the right 

of centre, between the two muscle coats, is an oval shaped lightly stained area of ganglion 

cells and fibres. Scattered ganglion cells are present at the base of the ulcer. Hemalum, 
phloxin, saffron. x 110. 


of the ganglion cells of the myenteric plexus was demonstrated over a distance of 
about 7.0 em from the anus (Fig. 2). There was slight hypertrophy of the muscularis 
of the sigmoid and descending colons. 

Except for one tiny ulcer in the rectum, the sigmoid colon was the only part of 
the large bowel in which ulceration had occurred. These ulcers (Fig. 3) commenced 
as : more or less linear crack in the mucosa, in the submucosa they undermined 
the mucosa longitudinally, while in the internal muscular layer the lesion again 
extended in a perpendicular fashion to reach the outer muscular coat and in some 
instances the serosa. At this point the ulcer spread longitudinally to undermine the 
muscularis. The surface of the ulcers were lined by a fibrinopurulent membrane 
ext:rnal to which there was a fairly wide zone of inflammation with a moderate 
nui.ber of macrophage cells, in addition to small numbers of polymorphonuclear 
leukocytes. Although of peculiar formation the lesion was that of a non-specific acute 
inf]: mmation. Between the gross ulcers, the mucosa was intact except for an occasional 
beginning ulcer of the mucosa. Except for the one in the rectum no ulcers were seen 
in ‘he aganglioniec portion. 
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Anatomical Diagnosis. Acute fibrinopurulent peritonitis secondary to a per- 
foration of one of several penetrating ulcers of the anterior wall of the sigmoid 
colon associated with agenesis of the ganglion cells of the myenteric plexus 
of the rectum and distal sigmoid colon. 


Case 2.—L. G., a male infant, was first seen by one of us July 7, 1952, when hie 
was 10 months old. As far as could be ascertained from the history, as given by the 
parents, they considered him to have been in good health until 2 months before 
admission. The feedings had been quite adequate and the appetite had been good 
until the onset of this illness, but mild constipation, controlled by milk of magnesia, 
had apparently been present from early infaney and recently episodes of diarrhea 
had occurred. There was no history of obstinate constipation, of fecal impaction or 
of abdominal distention at any time prior to the onset of the symptoms for which 
he was admitted to The Children’s Memorial Hospital. According to the parents’ 
statement the stools were foul-smelling only ‘‘recently”’. Further recent symptoms 
had been pallor, weakness and loss of weight. At 8 months of age he had weighed 
8.0 kg but at the time of his admission he weighed only 5.5 kg. 

Physical examination on admission showed only a pale thin child with emaciated 
extremities and a greatly distended abdomen. Blood examination showed a hemo- 
globin of 7.7 g /100 ml with a normal white blood count and differential. In view of 
these findings the child was considered to have celiac disease. Two days later, because 
of a fever and a shift to the left in the differential white blood count, a blood culture 
was done on July 9, which yielded a growth of staphylococcus pyogenes. He was, 
therefore, treated intensively with antibiotics but the celiac diet was continued. Ie 
received chloromycetin for 4 days, succeeded by terramycin and penicillin for 10 days, 
followed in the last 4 days by intravenous terramycin. 

He improved to a limited extent but continued to spike an evening temperature. 
Blood cultures on July 17 and July 23 yielded no growth. On July 24 his fever became 
continuous and he commenced to have fairly frequent loose stools. He became some- 
what dehydrated and required intravenous fluids. His white blood count now rose 
to 37,000/eem. By July 28 he was having frequent watery bowel movements and thie 
abdomen had become markedly distended. Plain films of the abdomen then showed 
dilated transverse and sigmoid colon while the rest of the large bowel was collapsed. 
No air or fecal material could be seen in the rectum. These findings with the presence 
of blood in the stool suggested a barium enema examination. This showed a con 
striction at the rectosigmoid junction while the colon above was greatly distended 
and showed innumerable polypoid filling defects with ragged edges. These findii zs 
indicated a marked acute colitis and a sigmoidoscopic examination was then do 
the same afternoon. This examination was difficult due to a continuous stream of 
liquid feces but did show an intensely red, oedematous mucosa, which bled easi!\ 
for a distance of 13.0 em from the anus. A ring stricture of the bowel was encounter: 
at the 8.0 em level, which required finger dilatation to allow passage of the proctosco}": 
There was no evidence of fecal impaction. 

At this time the possibility of Hirschprung’s disease was entertained but seem 
tenuous in view of the acute colitis. In spite of all therapy the child became wors« 
and died on July 29, 1952. 

Autopsy (A. 52—91) was performed 7 hours after death. The body was that 0i 
well developed male infant weighing 6.8 kg. Outside of the peritoneum and colo 
the other organs, including the brain, showed no lesion. The peritoneal cavity ¢ 
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Fig. 4. Case 2. Sigmoid colon and rectum showing severe membranous colitis. Note size of 
sigmoid as compared to the rectum (left). 


tained about 100 ml of yellowish opalescent fluid. The ventral surface of the bladder 
was adherent to the sigmoid colon. The colon was greatly dilated with a markedly 
thickened wall. The internal circumferences of the large bowel were as follows: rectum 
4.5 cm, sigmoid and ascending colon 14.0 em, transverse colon 10.0 em and cecum 
8.0 cm. Thus, there was a distinct narrowing at the rectosigmoid junction (Fig. 4). 
The wall of the bowel measured 0.7 cm in thickness at the rectum; 0.7 to 1.1 em at 
the sigmoid; 0.7 to 0.8 at the transverse colon and 0.5 to 0.7 em at the cecum. 

The bowel wall from the cecum to the rectosigmoid junction showed marked 
edema of the mucosa and submucosa, particularly in the descending and sigmoid 
colons. The mucosa was reddened but not intensily so and presented a striking ‘‘relief 
map’? appearance. Only 3 or 4 ulcers could be seen, the largest of which measured 
2.0 cm in diameter and was situated 1.0 em above the rectosigmoid junction. At this 


‘ 


poiit the serosa was thickened and there were dense adhesions to the fundus of the 
bladder, indicating that this deep ulcer had been present for some time. The changes 
in the rectal mucosa were distinctly less marked than in the bowel above, although 
there was reddening and slight edema of the mucosa. The difference was even more 
marked on cutting because the rectum cut with resistance while the bowel above 
cut like soft cheese. There was moderate edema of the retroperitoneal tissues and of 
the space of Retzius and marked enlargement of the retroperitoneal and mesenteric 
nodes. 

‘ostmortem cultures from both lungs, heart’s blood, trachea, spleen, peritoneal 
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cavity and pleural cavities yielded a few non-pathogenic organisms. Numerous cultures 
of the colon and of the mesenteric lymph nodes yielded Proteus morganii and yeas's, 
No pathogenic organisms were isolated. 

Microscopical Examination. Sections of the lungs, spleen, adrenal glands, pancreis, 
brain, middle ears and small bowel showed no inflammatory or other lesion. The liver 
showed a mild degree of fatty metamorphosis. The lymph nodes of the abdominal 
area showed only a reactive hyperplasia with sinus catarrh. 

Sections of the large bowel showed agenesis of the ganglion cells of the myenteric 
plexus up to an area about 10.0 cm from the anus. The entire large bowel showed an 
acute inflammatory reaction from the cecum to the anus. The inflammatory lesions 
were intense in the descending and sigmoid colons whereas in the cecum, ascending 
and transverse colons they were only moderate in degree with, however, marked edema 
of the submucosa. The sigmoid and ascending colons showed extensive mucosal de- 
struction with only a few isolated islands of norma] mucosa remaining. The mucosa 
showed necrosis of varying degrees with marked production of mucus and dilatation 
of the mucosal glands. In some areas the internal half of the mucosa was destroyed 
and the external half covered by a fibrinopurulent membrane, beneath which strikingly 
dilated glands filled with mucus were seen. In other areas there was destruction of 
the mucosa with varying degrees of penetration of the ulcers into the bowel coats. 
Fairly extensive zones of pseudomembrane formation were present. Just above the 
rectosigmoid junction the penetrating ulcer noted grossly was demonstrated with its 
base deep in the mesenteric fat. Throughout the serosa of the lower sigmoid there 
was an acute inflammatory exudate. The mucosa of the rectum showed considerably 
less intense inflammatory changes with only superficial necrosis and a moderate degree 
of cellular exudate. 


Anatomical Diagnosis. Localized, left lower quadrant peritonitis associated 
with a penetrating ulcer of the sigmoid secondary to an intense acute colitis 
associated with agenesis of the ganglion cells of the myenteric plexus. 


Case 3.—M. G. was a female infant who was first seen by one of us at the age of 
three months. She had been constipated since two months of age and at the time of 
admission was suffering from fecal impaction. The child had been fed evaporated 
milk far in excess of her needs and it was therefore thought that the impaction was 
due to constipation resulting from a great excess of saponified fat. It was necessary 
to remove the impaction digitally and by enemas. Plain films of the abdomen showed 
considerable small bowel dilatation with a loop of colon in the right lower quadrant 
filled with feces and it was suggested that this might be Hirschprung’s disease. Befcre 
discharge a barium enema was given by single contrast technique and this did iot 
demonstrate any evidence of Hirschprung’s disease. The child was discharged hoi:e, 
where she did well for two and a half months. Her appetite was good and she gained 
weight. There were, however, occasional instances of constipation which were ¢01- 
trolled by mild laxatives or by enemas. 

On November 12, 1953, at the age of five months, she became listless and develo; ed 
a temperature of 38.9° C. She was listless and apathetic all day and in the even 1g 
passed five loose yellow stools. She had had milk of magnesia on the previous 1:0 
nights and two enemas during the day of illness. In the early morning of November ‘3, 
she developed a generalized convulsion with twitching of the left arm and foot ‘or 
which she was admitted to hospital. 
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Fig. 5. Case 3. Section of sigmoid colon with normal mucosa to the left. Note pseudomembrane 
formation and dilated glands filled with mucus. There is a moderate diffuse exudate in the 
submucosa. Hemalum, phloxin, saffron. = 48. 


On admission she was unconscious and showed some twitchings of the right arm. 
There were no relevant signs on physical or laboratory examination (including X-rays 
of the chest), except for a white blood count of 15,000/cem, with a marked shift to 
the left in the neutrophils. She was pale and the breathing was irregular. Reflexes 
were normal. There was no abdominal distention or resistance but no bowel sounds 
were heard on auscultation. The first impression was that of Roseola Infantum. The 
infant was given intravenous therapy, antibiotics and sedation but the coma and 
twitchings continued until death, 28 hours after admission. 

lutopsy (A. 53—123) was performed 5 hours after death. The body was that of 
a well developed female infant weighing 6.6 kg. Outside of the gastrointestinal tract 
there were no gross findings. The duodenum contained a firm, large friable blood 
clot measuring 7.0 em in length by 2.5 cm in diameter which practically filled the 
fir-t part of the duodenum and was adherent to the mucosal surface of the posterior 
wa'l of the duodenum. Beneath this lay a shallow mucosal ulcer measuring 2.0 em in 
length by 0.8 em in width. The duodenum, jejunum and ileum were partially filled 
wih fluid blood but none extended below the terminal 9 feet of the ileum. The re- 
m:inder of the small bowel showed no gross lesion. 
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The colon was somewhat dilated throughout but the dilatation was most marke 
in the sigmoid colon. There was a stenosis at the rectosigmoid junction. The sigmoil 
loop was large and extended to the iliac crest on the right. The internal circumference 
of the rectum was 4.0 em, the sigmoid 8.5 em, the transverse colon 5.0 em and the 
ascending colon 5.0 em. The lumen of the colon contained watery yellow fecal materia!. 
The mucosa of the sigmoid showed an indistinct rough coarse pattern with smooth 
mucosa alternating with slightly elevated flat areas having a granular yellowish sur- 
face. These latter measured from 0.2 to 0.3 em in diameter. These areas were thoug!it 
to be superficial mucosal ulcers. The remainder of the mucosa of the large bowel, in- 
cluding the rectum, showed no definite gross lesion. Postmortem cultures, including 
large bowel contents, yielded no pathogenic organisms. 

Microscopie Examination. Sections revealed no lesion of any of the other organs 
including the brain and middle ears. The lesions were confined to the large bowel. 
There was agenesis of the ganglion cells of the myenteric plexus extending over a 
distance of 14.5 em from the anus. Sections showed the upper part of the aganglionic 
segment to be also dilated. 

An acute inflammatory reaction was seen throughout the sigmoid, descending 
colon and transverse colon. This appeared to be quite recent as there were only 
scattered areas of mucosal necrosis. The rectum, ascending colon and cecum showed 
no inflammatory exudate. The mucosa, in multiple areas, was superficially eroded 
and was covered by a thick fibrinous exudate, containing red blood cells and a few 
inflammatory cells, which was attached to the partially intact deeper mucosa (Fig. 5). 
Many of the mucosal glands were markedly dilated and filled with mucus. The muco- 
sal lesion bore a striking resemblance to the changes seen in Case 2, suggesting that 
it was an earlier phase of the same process. The submucosa was edematous and thinly 
infiltrated with mononuclear and polymorphonuclear cells. The subserosa was also 
edematous in many areas and thinly infiltrated with similar inflammatory cells. The 
muscle coats contained a few inflammatory cells. In several areas the small lymph 
nodes in the serosa show an acute exudative lymphadenitis with edema and neutro- 
phil leukocytes. There was slight to moderate hypertrophy of the muscle coats of the 
sigmoid and descending colons as compared to the transverse and ascending colons. 
Sections of the duodenal ulcer showed an acute lesion with minimal inflammation 
involving the mucose only. A number of small arteries and venules showed necrosis 
of their walls which had produced the terminal hemorrhage. 


Anatomical Diagnosis. Severe terminal hemorrhage from an acute mucosal 
ulcer of the first part of the duodenum. Diffuse early acute colitis associated 
with agenesis of the ganglion cells of the myenteric plexus. 


Discussion 


While Case 1 of this series died too quickly for such a diagnosis, the othr 
two cases presented features which distracted our attention from the pos-i- 
bility of Hirschsprung’s disease or later obscured the primary evidence. 
retrospect, the findings in Case 2, obviously indicated the final diagnos's, 
but the history and physical examination on admission suggested coel).¢ 
disease and the subsequent course was complicated by sepsis. It was not 
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until bloody diarrhea occurred, concomitant with marked abdominal disten- 
tion, that a plain X-ray film of the abdomen was done which disclosed pre- 
sumptive evidence of Hirschsprung’s disease. The subsequent barium enema 
and proctoscopic examination, while showing stenosis of the rectosigmoid 
area, demonstrated such an intense colitis, that we could not correlate the 
findings with the correct diagnosis. Even at autopsy, the severity of the colitis, 
in the gross, completely distracted attention from the possibility of agangli- 
onic megacolon and it was not until the sections were studied that the correct 
diagnosis became obvious. 

From the clinical viewpoint, Case 3 was initially suspected of having the 
disease and this seemed confirmed by the plain films of the abdomen. The 
definitive diagnosis was unsupported by the barium enema, which revealed 
no abnormality. Finally, the terminal illness in this infant was obviously 
due to infection but no clue to the site could be found, until autopsy was 
done. 

It is perhaps worth reiterating the obvious, by stating that as Hirschprung’s 
disease is the result of a congenital malformation, the lesion is present at 
birth, but the fullblown clinical and pathological findings of a dilated and 
hypertrophied ‘‘normal”’ colon take time to develop. It is only in the weeks 
and months after birth that the dilatation and hypertrophy become more 
and more obvious. Therefore, any history of constipation in early infancy 
should not be taken lightly but should be investigated thoroughly with the 
awareness that this may be the developing stages of Hirschsprung’s disease. 
In particular, the radiological findings at this early age may not be typical (1) 
and may require painstaking efforts with perhaps further refinements of 
technique. 

These three cases also illustrate the serious complications of Hirschsprung’s 
disease and demonstrate that if the definite diagnosis is made, serious and 
thoughtful consideration must be given to the subsequent treatment. It would 
appear that, if the “pull-through”’ operation cannot be done until after 6 
months of age as stated by Gross (3), then the infant must be carefully 
watched for evidence of sepsis, acute colitis and perforation. 

While most standard text-books of Paediatrics (2, 6, 8) and a number of 
reports mention briefly the presence of “stercoral ulcers” and acute colitis, 
there is little to explain their etiology, pathogenesis or even the frequency. 
Hiirr (4) states that perforation after the newborn period is rare, although 
nvcosal ulceration is frequent and in his series of 30 operated cases, 4 had 
aciive ulcers of the sigmoid colon. WHITEHOUSE and KERNOHAN (10) state 
thit 3 out of 10 autopsies had perforation of colonic ulcers and ZUELZER and 
\:LSoNn (11) briefly mention peritonitis from perforation. HIRSCHSPRUNG (5) 
too, apparently, described the ulcerative lesion. Recently, a report of this 
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disease with associated intestinal hemorrhage was recorded (7), presumab! 
due to ulceration. 

One text-book (8) states that attacks of diarrhea are infrequent and in 
rare instances perforation occurs with peritonitis and death. At a reported 
clinical conference (1) it is stated that diarrhea may be troublesome in infanis 
and may be associated with ulceration of the colon as demonstrated at post- 
mortem and in this reported case barium enema showed fraying suggestive 
of ulceration. All in all, the literature on the subject seems fragmentary. 

We are completely at a loss to explain the ulceration and colitis, although 
many hypothetical possibilities come to mind. While stercoral or pressure 
ulceration is the common explanation, we are loath to accept this as a cause 
in our cases. In Case 1, the ulcers were on the anterior wall and pathologically 
were not the flat, large stercoral ulcers seen in association with scybalous 
feces. Furthermore, the colonic contents in all cases were soft and no hard 
fecal masses were found at autopsy. It is, of course, possible that inspissated 
feces had been removed at home by enemas. The lesions of the large bowel 
in Cases 2 and 3 particularly, seem to militate against ‘‘stercoral ulceration” 
both because of the character of the lesions and their extent. 

It is possible that the acute colitis in Case 2 was associated with the intensive 
use of antibiotics (9) but, on the other hand, similar, if early lesions, were 
present in Case 3, who had not received antibiotics for any length of time. 
A further possibility is that some of these large bowel lesions might be in the 
nature of a ‘“‘deficiency”’ colitis. Perhaps stasis and fermentation in the ob- 
structed, dilated areas are factors. It is of interest that the area of bowel 
with myenteric ganglion cells was the only area involved in Cases 1 and _ 5, 
while in Case 2 the lesions were less marked in the aganglionic segment. In 
Cases 2 and 3, extensive cultures of the colonic contents and associated lymy)| 
nodes showed no pathogens. The evidence would suggest an association of the 
inflammatory lesions of the colon with obstructive megacolon, but the point 
is not proven. Finally, no valid explanation for the phenomenon can be pos- 
tulated. 


Summary 


Three cases of proven Hirschsprung’s disease in infancy have been report 
in which there was an associated acute ulcerative colitis of varying deg: ¢ 
and in two of which death occurred due to peritonitis secondary to perfo: 
tion of an ulcer. The third baby died in the early stages of an acute colitis | 
death was directly caused by massive hemorrhage from an acute duode! 
ulcer. No adequate explanation for the development of the ulcerative coli 
was forthcoming. 
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Clinically the history and physical examination was atypical and misleading 
wiile the roentgen findings were complex or negative. It is, therefore, im- 
portant to realize that the classical picture of Hirschsprung’s disease, though 
based on a congenital lesion, is a product of time and that in this interval the 
diagnosis may be difficult. 

Lastly, attention is drawn to the possible lethal complications of Hirsch- 
sprung’s disease and cognizance should be taken of this fact, particularly in 
the management of the disease in infancy. From the viewpoint of the patho- 
logist, the postmortem finding of acute ulcerative colitis in an infant must 
suggest the possibility of aganglionic megacolon. 
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From the Department of Nutrition, Hospital Infantil de México. 


Malnutrition and Kwashiorkor 


by FEDERICO GOMEZ, RAFAEL RAMOS GALVAN, JOAQUIN CRAVIOTO 
and SILVESTRE FRENK 


Introduction 


Malnutrition is the inheritance of underdeveloped countries. As soon as a 
country reaches adequate levels in its social, economic, and cultural develop- 
ment, malnutrition ceases to be a nation-wide problem, and its proportions 
are considerably reduced. 

Still in the first part of this century, many European countries and the 
U.S.A. which had not reached their present development, included malnutri- 
tion in their pediatric pathology as a serious childhood problem, and devoted 
lengthy chapters to its study. The names with which this disease was known 
in different European countries were several, but if we compare the clinical 
chapters written by CZERNY, MARFAN, FINKELSTEIN, FEER, and many others, 
we can easily recognize they were referring to a similar ailment; also, we 
notice that such authors were familiar with the clinical and social pictures 
we still see in Latin America, Africa and Asia. 

It is the duty now of underdeveloped countries where malnutrition is still 
one of the most ravaging childhood problems, to resort to clinical investiya- 
tion, to social inquests, to geographic and climatological observations, in 
order to study and interpret correctly Malnutrition pathology in infancy. 

Among them, Africa and México, two regions afflicted with a high degree 
of malnutrition, and having many similar economical, social, geographic, «nd 
climatological problems, have devoted themselves to study the clinical pic- 
tures, biochemical characteristics, psychic and emotional aspects, and pi hi- 
ological changes in children suffering from malnutrition. 

Derived from these studies, a new term has appeared in Africa: Kwashior/or. 
This word tends to become of general use to designate a nosological en ity 
found in children who have a “deficient protein intake, although calories 
may at times be sufficient” (99). These authors seek to give a different ns ime 
to a disease which is only a variant, in degree and signs, of the old ailn cnt 
that scourged other countries while undergoing their stages of econom cal 


and cultural weakness. 
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or the last eight years, at the Hospital Infantil de México, we have been 
studying this problem with great devotion. Yet we are worried with the great 
number of names and descriptions suggested by text-books and reports, and 
we have reached the conviction that etiologically, clinically, biochemically, 
and anatomo-pathologically, we are dealing with the same disease in its 
various stages of evolution. To speak of Kwashiorkor in the present medical 
literature, is to speak of a new and fashionable disease; or rather, of an old 
disease with a fashionable name. 

The excitement produced about the new studies and publications on the 
matter is remarkable, especially in Latin America, the Caribbean countries, 
Africa and Asia—in other words, in all those countries which are an- 
xiously expecting information and fresh knowledge to fight successfully, 
and have a better understanding of, an old nation-wide infirmity such as 
Malnutrition. 


Brief Historical Notes 
“Six blind men wanted to know 
what an elephant was like...” 


(rom a Persian fable) 


Frequently, progress in medical sciences seems to be conditioned to the 
technical fashions of the moment. Thus, problems are stated and solved only 
partially, and a vision of the whole is lost. 

The nutritional disturbances in childhood had that fate. Thus, we see how 
in the last quarter of the past century, there is a sudden request to change the 
symptomatological nomenclature that prevailed at that time, which included 
terms such as dyspepsia, cacochymia, cachexia, consumption, athrepsia, and 
to have it substituted with a modern classification with a pathological basis 
(6). Trying to correlate certain post-mortem findings with the clinical pictures 
observed, new terms such as acute and chronic enterocatarrh, enteralgia, fol- 
licular enteritis, choleriform gastroenteritis appeared. When no manifest 
lesions were found, it was believed that the disease had a functional basis, 
and the term dyspepsia was applied to these cases. At any rate, these pre- 
tended classifications of nutritional disturbances were really classifications of 
diseases of the digestive tube; they had no physiological basis, and very little 
clinical truth. As a matter of fact, in those days it was accepted again that the 
only logical road to adequate prophylaxis and treatment of a disease, is the 
knowledge of its etiology and pathogenesis. 

ZERNY and KELLER’s (13) classification is brief, and eminently etiologic; 
for the first time, a definition is given for the concept of ‘nutritional dis- 
turhances”; which are divided into: nutrient disturbances ‘‘ex alimentatione’’, 


‘ 


infectione”’, ‘‘ex constitutione’’. 
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Thus, all diseases of the infantile organism attributable to insufficient or 
excessive food intake, to a harmful composition of food, or to both, have been 
considered as disturbances of alimentary etiology. In this way, the concept of 
damage by a food (Ndhrschaden) is established. Two fundamental pictures 
are described by the authors, who seek to give them an individuality of their 
own: the harm by milk (Milchnahrschaden), and the harm by starch (Mei/- 
nahrschaden). 

As for the term ‘‘atrophy” used for the first time by SORIANO in the 16th 
century (60), CZERNY and KELLER do not recognize in it a determined dis- 
ase, such as it was considered until then; they think of it only as the conse- 
quence of a prolonged nutritional disturbance. In the same manner they 
understand the terms ‘“‘dystrophy” used by FINKELSTEIN, or ‘“‘Shypotrophy” 
as preferred by LANGSTEIN, which etymologically would indicate “retardation 
of growth”, that is, a characteristic sign of every nutritional damage inde- 
pendently of its etiology. 

In other words, on the one hand, own personality is denied to certain pic- 
tures; and on the other, the existence of new ones is claimed, whose charac- 
terization is due to their apparent etiology: a supposed excess of a certain 
nutrient factor but without recognizing the implication of an associated 
deficiency of others. A multiple etiology is accepted, together with a patlio- 
genesis likewise multiple. It is recognized that the different diseases have 
something in common, but that is as far as the authors go; the problem is 
only partially solved. 

On the other side, FINKELSTEIN and MEYER (19) consider nutritional 
disturbances from a clinical descriptive viewpoint. They see in their patients 
a gradual development of food intolerance, which coincides with an increasing 
accentuation of the disease. They pretend to give separate personalities and 
names to the different stages they recognize, such as disturbances of the 
equilibrium (19), which are later called simple dystrophy (57), chronic dys- 
trophy with dyspepsia, intoxication, decomposition. 

FINKELSTEIN insists that his term Decomposition is less ambiguous than 
atrophy, because the latter is not always observed. The author deserves 
credit for the explanation that the degree of malnutrition due to a greater or 
lesser weight loss, is independent of its etiology, and that diarrhea in the 
child, who is afflicted with nutritional disturbances, does not have a grea‘ cr 
importance than any of the other symptoms, without necessarily implying 
damage to a certain segment of the digestive apparatus. However, FINK! L- 
STEIN does not attempt either to reduce those functional disturbances t: a 
common denominator, namely, the deficient availment of the elements of * hie 
nutrient complex by the tissues. He also, like many of his followers (42), as 
solved the problem only partially. 
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It is MARRIOTT who has made a better attempt at clearing the confusion, 
emphasizing that the biochemical lesions are always the same, whether 
serious diarrhea is present or not, and whatever the etiology of the picture 
(53). The origin of the nutrient disturbances may be a plain undernutrition 
or an inadequate composition of foodstuffs, but the pathogenesis is always the 
same: deviation of the metabolic balance in the negative sense, an abnormal 
relation between that which is necessary, and that which is really at the 
disposal and may be utilized by the cells (52). Therefore, the different terms, 
and their variants, which were at the time applied all over the world to the 
various forms of Malnutrition, imply only stages of the same condition (54). 

At the Hospital Infantil de México it has been chosen not to use terms 
with a partial connotation. If, independently of their etiology, the various 
forms of nutrient disturbances are only stages of a single disease with a single 
pathogenesis, it is only logical that a single name be used, viz. Malnutrition; 
and it is practical to class the different stages by degrees (25). To speak of a 
single pathogenesis with a multiple etiology, allows to understand the prob- 
lem as a whole. 

Nevertheless, a recent report (12) establishes a list of over fifty names that 
seem to be synonymous in this sense. The following is a small list of the many 
names given to the same disease observed at different stages of its evolution, 
in different countries, and in subjects of various social and economical levels: 
athrepsia, hypothrepsia, atrophy, hypotrophy, dystrophy, dysontia, hypo- 
proteinemiec edema, deficiency disease, infantile pellagra, Kwashiorkor, 
MehInaéhrschaden, ete. Among them, as said before, the picture described in 
Africa (100), and known as Kwashiorkor (101) has been the subject of a 
greater interest, and has deserved more discussion. Without any more foun- 
dation than that used by German authors to individualize the disturbances 
they described, it has been sought to give an own personality to this type of 
Malnutrition (7). There has been a discussion as to whether or not it is ‘‘in- 
fantile pellagra”’ (73, 75, 82, 83), or an avitaminosis (44), and recently there 
has been a controversy about the etymology of the name, to which all sorts 
of fantastic and varied interpretations have been given (55, 59). Although 
voices are raised to deny Kwashiorkor all individuality before Malnutrition 
as seen outside of Africa (46), the meetings held up to the present (Gambia 
1952) with the purpose of clarifying its study, have been rather devoted to 
search for resemblances between Kwashiorkor and other types of Malnutri- 
tion, without discussing in detail, or going too deep into their common patho- 
genesis. 

\MIARRIOTT’s teachings have been forgotten. Or in other words: the lesson 
of the fable of the six blind men who wanted to know what an elephant was 
like, has been useless in this case. A vision of the whole has been lost. 
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In the following pages, a comparative study is made of what is being called 
Kwashiorkor, and what we understand by Malnutrition; there we explain wiiy 
we believe that it is a single nosological entity with many clinical varian(s, 
but with identical biochemical, functional, anatomical, and pathological 
characteristics. The variants are probably due to feeding habits, to customs 
of the population, to climate, and to geographic situation. 


Pathological Characteristics 

Geographical Distribution 

Malnutrition (M) is a disease that may be found all over the world; «l- 
though, because of socio-economical reasons, it is found with greater fre- 
quency in tropical zones. 

Kwashiorkor (K) has been described as a disease of the African Continent 
(77, 100), but many authors have seen it in other places, such as India, West 
Indies and Latin America (49, 63, 64, 76, 96). 


Race 

M. — It is not prevalent in any race; it may affect any member of tlie 
human species. 

K.—It appears in Africans of lower economical and social levels, but 
cases have been reported in Europeans and South Africans (21, 104), in 
Hindus, Egyptians, Philippinoes, Malayans, Chinese, and natives of America 
(8, 12, 40, 41, 51, 61, 72, 79). 


Social Economical Conditions 


M. — It is found among population groups of great economical and cultural 
poorness in whom one or several of the following causes are found: 

1. Rural origin with recent displacement to the city. 2. Illiteracy of both parents. 
3. Paternal alcoholism. 4. Maternal alcoholism. 5. Family promiscuity and heaping. 
6. Multiparous mothers. 7. Present pregnancy or lactation. 8. High infantile mortality 
rate. 9. Mothers with intellectual quotient notoriously below normal. 10. Obvious 
anxiety of the mothers. 


K. — Conditions of economical and cultural poorness very similar to those 
described for Malnutrition: 

1. Frequent and prolonged displacements from the village, causing desertion or 
faulty care of the children. 2. Almost void scholarship. 3. Frequent alcoholis:i. 
4, Prejudices and superstitions. 5. Promiscuity and family heaping. 6. Sudden weani¢ 
because of new pregnancy. 7. High infantile mortality rate. 


Sex 
Neither in third degree Malnutrition, nor in Kwashiorkor, is there a ¢: 
ferent distribution by sexes: males, 48 % of cases; females, 52 % (21, ‘ 
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M. — The mean age is 31+17 months (9). 
kK. — The mean age is 31 months (21, 55). 


Frequency distribution by age. 


Malnutrition Kwashiorkor 
a % of total number of cases 
studied 
Prom to; 2 years) 43.80 45 
The group from 0 to 5 years represented: 93 96 
Diet 
M. — Fundamental characteristics: 


1. Prolonged period of lactation, and maternal hypogalactia. 

2. Improper weaning with flours, specially corn prepared as corn meal (corn cooked 
by the action of live lime), beans, and red pepper (31, 48, 67). 

3. Want of milk, meat, and eggs after weaning. 

4. The diet is low in calories, fats and proteins; high in carbohydrates. There is 
frequently an excess of cellulose, and its contents of vitamins and minerals are con- 
sidered insufficient to meet the accepted requirements for the normal and healthy 
individual. 

5. The majority of diets do not yield over 50 % of caloric requirements, and from 
20 to 60 % of protein demands. Fats are consumed in amounts under one-third of 
normal. 


kK. — Circumstances have here a concurrence very similar to that of the 
preceding paragraph. Weaning is usually accomplished with flours and 
starches. Sour corn is frequently used to prepare gruels or porridges with the 
addition of some tubers, which are highly seasoned with red peppers (15, 43). 
The diet is also low in calories, fats, and proteins; and high in carbohydrates. 

(ddly enough, the average daily amounts of foodstuffs, and the average 
daiiy aminoacids at disposal, give particularly similar figures in México (66) 
as /1i several places in Africa (7). 
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Mortality 


M. — Mortality in advanced Malnutrition is high even with hospital tre:t- 
ment. The chief causes are electrolytic disturbances, and bronchopneumonic 
processes. Neither edema nor dermatoses have any influence on mortality. 

The mortality figure in children affected with third degree Malnutrition 
(30 %), is significantly higher than the figure in children with second degree 
Malnutrition (20 %) (9). 

K. — Mortality rate in general is quite high with figures varying between 
30 and 60 % (21), and until recently, recovery in serious cases was exceptional 
(88). The chief causes are bronchopulmonary cases and dehydration; the first 
condition is the most frequent (88). 


Main Signs and Symptoms 


Psychological Manifestations 


M. — Ever since the first stages of Malnutrition, changes in character, ill 
temper, and irritability are observed. Further on, there is mental depression, 
apathy, and prostration which may go as far as accentuated stupor. 

Some important signs are anorexia, and perversions of the appetite such 
as trichophagia, geophagia and coprophagia. The lack of appetite, and of 
interest for the same surrounding environment may become accentuated to 
extreme degrees. 

Sometimes, very impressive mannerisms, and frankly demential types of 
psychic alterations may be observed. 

K. — Psychie changes (7, 11, 88, 101), very similar to those described in 
the preceding paragraph, are found here; they affect about 94 % of the cases 
(21). 

TROWELL et al. (88) insist on the great indifference of these children; also, 
they point out that these patients do not weep, and that anorexia is one of 


the most important manifestations. 


Weight 
M. — The following weights were found in 735 cases (9): 
Weights Frequencies 

31 to 40% of normal 10.50 % of the cases 
41 to 50 33.75 
51 to 60 37.53 
61 to 70 14.73 
71 to 80 2.83 


over 80 0.66 
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kK. — TROWELL et al. (88) found weights fluctuating between 40 to 70 % of 

normal for the age, and state that children with Kwashiorkor are always 
very much underweight in spite of edema. 


Height 
M. — The height is shorter; but the arrest, besides being late, is in pro- 


portion less pronounced than that of the weight. The shortage in height varies 
from 7 to 16 % of normal. 


K.— This question has been difficult to study in the African Continent. 
However, TROWELL (82) states categorically that height is affected. 


Bone Age 
M. — There is a delay in bone growth equal to 25 to 50 % (29). 


K.— TROWELL et al. (88) report a deficit of 25 % in bone age. 


Arrest in Growth of Nails and Hair 


M. — The nails and hair stop growing in cases of advanced malnutrition. 
Kk. — The changes in the hair are so evident in African children that for 


some time they were described as a specific sign for diagnosis. 


Behavior Disorders 

M. — Besides psychic manifestations, to which we have already referred, 
and demential phenomena, which are seldom seen, there are marked behavior 
disorders in third degree Malnutrition. On evaluating these manifestations by 
means of GESELL’s tests, it has been figured that behavior in these children 
is not above 30 % of their corresponding chronological age; however, within 
12 weeks of treatment, these tests improved to 80 or 85 % of normal. Such 
first, those of the motor sphere; then, 


disorders improve with different speed 
those of the language; and last of all, those of the so-called adaptive and 
social-personal sphere. 

Kk. — Although there are no bibliographic references on this matter, there 
is 2 theoretical basis to assume that behavior here is also modified (21, 31, 84). 


Other Clinical Signs 
Edema 
‘I. — Edema has been found in 65 %, 71 %, and 78 % in different, signifi- 
cant series of patients (35, 38, 56, 81): in 3 or 4 % of the cases, ascites is also 
present. 
\. — Edema is considered as a very frequent and early sign (101). How- 
ev-r, ascites is considered either rare (88), or with a frequency of 12 % (21). 
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Changes in the Skin 


M. — Lesions of variable intensity are found in 94 % of the cases. In more 
advanced stages, skin lesions are classified into three main groups which to- 
gether affect 83 % of the cases: 

a) Extensive hyperchromic dyskeratosic lesions which are symmetrical and local- 
ized to zones exposed to sunlight. 

b) Macular lesions, frequently coalescent, which involve the whole body, speciaily 
those zones not exposed to actinic action. 

c) Lesions which seem to have become established on a skin initially ‘‘marmorea|”, 


of reticulated aspect. 


These lesions are seen more frequently in cases with edema. When a signifi- 
cant group is examined, desquamation is appreciated in 20 to 33 % of the 
cases. The aspect of the lesions is modified by added infections. 

Besides the aforementioned lesions, follicular hyperkeratosis is found (25 °, 
of the cases), hyperkeratosis palmaris et plantaris (45 %), perifolliculosis 
(11 %), purpuric lesions (25 %), eschars and gangrenes (18 %), and, finally, 
coldness and cyanosis of extremities. 

K. — Changes in the skin are found in 88 % of the cases (21) without there 
being any substantial difference with what has been described in the previous 
paragraph. GILLMAN and GILLMAN write: 

“The hall-mark of the nutritional syndrome in our African infants is the peculiar 
rash. This commences as spots, varying from a sixteenth of an inch to one inch in 
diameter, scattered irregularly over the body surface but most numerous over the legs, 
thighs, buttocks, abdomen, scapular regions, arms, forearms, and hands. When many 
of these spots fuse, as they frequently do over the buttocks, thighs, and arms, the 
skin becomes very hard and dry and has a reddish-brown color which later changes to 
dark brown or black. TROWELL [84, 85] described these spots in his cases as resembling 


9 


drops of enamel paint ... 


In GILLMAN brothers’ series, there was desquamation in 29 % of the cases, 
and emphasis was placed on the frequency of skin infections (21, 45). Phryno- 
derma has been described (4, 68). Ulcerations and gangrenous lesions ire 
present in 23 % of the cases; and finally, coldness and cyanosis are very 


frequent phenomena. 


Changes in the Hair 

M. — There are constant changes, although of variable intensity. The }: .ir 
becomes straight, thin, is pulled off easily, and the color turns strawish or 
reddish. Partial or generalized alopecia is constant. The changes in the e-e- 


brows and lashes are similar. 
K. — GILLMAN brothers describe the changes as follows: 


de 


b 
al 
re 
mi 
ul 
in 
al 
Ch 
Ch 
at 
cu 
Ch 
fla 
fol 
a 
ee... 
d 
J 
rel; 
twi 
¢las 
Cha 
ch 
bil 
Ca 


MALNUTRITION AND KWASHIORKOR 345 


“The hair becomes depigmented, and is often straight and silky. At first it turns 
brown, later it becomes thinner, less curly and more silky, and often acquires an 
auburn hue. Finally this atrophic, thin, almost grey hair is shed, and it is not readily 
revenerated. Partial or complete alopecia may be regarded as a feature of chronic 
malnutrition in the African infant. Frequently, loss of hair is associated with patchy 
ulceration of the scalp with secondary infection and scale formation” (21). 


Thinning of the eyebrows and loss of hair from the outer third is often seen 
in young African pellagrins, and in the severe cases the eyebrows may be 
almost completely denuded of hair. 


Changes in the Mucosa 

M. — All sorts of lesions, formerly described as specific of certain vitamin 
deficiencies, may be found. 

K. — Lesions of all sorts have also been described in the mucosa (21). 


Changes in Subcutaneous Fat and in Muscular Masses 


M. — In cases with edema, the layer of subcutaneous fat is present and, 
at times, fairly thick. There is hypotonia and atrophy of muscular masses. 

K. — The same fact is mentioned in regard to subcutaneous fat and mus- 
cular masses (21, 88). 


Changes in Cartilages, Ligaments, Joints and Skeleton 

M. — They are made apparent by a lack of tonicity of auricular cartilages, 
flaccidity of the joints, or, eventually, postural ankylosis and, finally, by the 
following lesions which may be appreciated at the X-rays: 

a) Delay in ossification points to appear. 

h) Lesions of rachitic type (38). 

c) Very slight lesions of scorbutic type. 

() General osteoporosis. 


Kk. — GILLMAN and GILLMAN consider the finding of full-blown rickets as 
relatively frequent (21). In 50 % of autopsies practiced in infants, they found 
twisting of the canals which were of rachitic or scorbutic types, according to 
classical nomenclature. Osteoporosis was frequently encountered. 


Changes in Osteotendinous Reflexes and Electrical Muscular Excitability 


‘i. — There is diminution or abolition of tendinous reflexes. There are 
chonges in electrical excitation response, peculiar to peripheric neuritis, 
bileteral, symmetrical, and predominating in lower limbs in 90 % of the 
ca--s. No paralyses are observed (18). 

.— A loss of osteotendinous reflexes is pointed out (21); no ataxia or 
pu: alysis are reported; and we do not know of any electrical studies. 
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Disorders in Intestinal Passage and Absorption 

M. — There is diarrhea in 70 % of the cases (9, 78). Gross steatorrhea is 
unfrequent, but chemical steatorrhea is constant. At the X-rays, the intestine 
shows the image called by GOLDEN (22, 23) ‘deficiency bowel pattern”. 

K. — Diarrhea is frequent, but not a characteristic feature (42). It has 
been described with the frequency and similar characteristics as seen in Méx- 
ico (89). Steatorrhea is present in 50 % of the cases (21). Finally, the same 
image of deficiency bowel pattern has been described (8, 89, 90). 


Hepatomegaly 

M. — Practically in every case, hepatomegaly may be observed in our 
children, from 10 to 30 days after hospitalization (31). If the patient is 
examined on admission, it is found in only 6 % of the cases. 

K. — A figure of 66 % is given without indicating the time when measure- 


ments of the organ were practiced (21). 


Manifestations not Directly Attributable to Malnutrition, but of 
Frequent Finding 

The presence of infections is frequent, and of great interest, because they 
partially determine the prognosis and modify the treatment. 

M. — Microbial etiology may be established in 28 % of cases with diarrhea. 
The intensity and frequency of parasitosis is subjected to climatic and sanitary 
conditions of the zone (9). 

-arenteral infections are observed in over 50 % of the cases. The chief ones 
are bronchopneumonia and otitis media. 

K. — Regarding digestive tract infections, the same facts may be pointed 
out (21, 82). Bronchitis and bronchopneumonias are found in 50 % of thie 


cases (76, 89). 


Dehydration 
M. — In 56 % of the cases, there are evidences of water loss and electro- 
lytic disturbances. Due to those reasons, the child is brought to the hospit:!. 
K. — ‘‘Hydrolability” is emphatically reported as characteristic in these 
patients (76, 88). The abdomen is depressed, scaphoid. 


Vomiting 


= 


M. — Present in 40 % of the cases. It is a constituent of the picture 0 
Malnutrition seen on admission together with diarrhea, dehydration aid, 


possibly, bronchopneumonia. 
K. — It is frequently reported, but not an obliged feature (76, 88). 
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Biochemical Disorders 


Serum Proteins 


M. — Dysproteinemia is present, with hypoalbuminemia and hypergamma- 
globulinemia as constant features. Frequently, total hypoproteinemia with 
normal or increased total globulins is found; besides, low alpha-globulins in 
the presence of edema, and normal or high in its absence (32, 78). 

During recovery, a striking fact is the increase of gamma-globulins (31). 

K. — Electrophoretical and chemical studies have allowed the description 
of the same protein pattern mentioned in Malnutrition (3, 10, 17, 70, 91, 97, 


98). 


Effective Osmotic Pressure of Plasma Proteins 


M. — In children without edema, it is 209 mm + 44 of water; in edematous, 
it is 136 mm +51 of water (78). 
K. —It has been considered very diminished in cases with edema (21). 


Extracellular Fluid 

M. — A constant characteristic is the increase of relative values of inter- 
stitial fluid, blood volume, and plasma volume; the increase is more ac- 
centuated in cases with edema (35, 34, 33). 

K.— There are no direct bibliographic references, but many reports 
furnish the basis to assume that the phenomenon exists (24, 39, 47, 58, 69). 


Proteins in the Spinal Fluid 

M. — There is a marked decrease which is corrected in about 60 days. 
There is no correlation between the figures of proteins in the spinal fluid and 
the figures of albumin, nor those of total serum proteins (36). 

kK. — We do not know of any studies on this subject. 


Red Blood Picture 

M. — The average red cell values found in a typical series were 3.5 +0.9 
million. The average values of hemoglobin were 9.26 + 2.9 g per cent. In 61 % 
of ithe cases, the anemia was normocytic, and in 35 %, it was normochromic 
also. If blood volume and figures of hemoglobin are related in non-complicated 
cases, there is a close correlation; therefore, it may be stated that moderate 
normochromie normocytic anemia in the child affected with non-complicated 
m: nutrition is of the hypervolemic type, and does not require a special treat- 
ment (26). 

i. — The values reported by several authors are very similar:— 

Red blood cells: 3.8 millions; 3.6; 3.27; 3.23 (2, 5, 92, 93, 95). 
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Hemoglobin: 10.1 g; 10.2 g; 10.1 g; 9.3 g (21, 93, 95). 
Morphologic type: There is a predominance of normochromic normocyi 


e 


types (2, 21). 


White Blood Picture 


M. — There is a slight tendency to lymphocytosis in the absence of in- 
fections; to absolute counts of eosinophils low on admission, and high on 
recovery (27). 

In the presence of serious infections, the leukocytic response is slight or 
completely lacking. 

K. — Lymphocytosis is reported in the absence of infections; also, the poor 
leukocytic response in serious infections (16, 21). 

We do not know of any studies on eosinophils. 


Liver Function Tests 


M. — In the absence of infection, bromsulfalein test, direct and indirect 
bilirubin, and the test for flocculation of thymol, and the test for flocculation 
of cephalin-cholesterol are normal (30). Prothrombin time is also normal. In 
the absence of infection the thymol turbidity test is either normal or abnormal. 
As recovery progresses, and gamma-globulins increase, the turbidity of thymol 
becomes more accentuated (31). 

K. — Little significant abnormality is reported for bromsulfalein test, and 
slight hyperbilirubinemia. Alterations in thymol turbidity have also been 
reported; they are entirely similar to the changes reported by us in Mal- 


nutrition and during recovery (3, 15, 20). 


Enzymatic Activity of Duodenal Contents 


M. — The enzymatic activity of duodenal contents is found diminished 
specially at the expenses of the lipolytic power and, in less degree, of the 
proteolytic and the amylolytic; but after 30 to 60 days of treatment, thie 
values rise significantly. Normalization of the first two values is faster than 
that of the lipolytic power. 

Modification of these values keeps no correlation with serum albumin 
levels, nor with weight or appetite in these patients (37). 

K. — Enzymatic power of duodenal contents has been found diminishd 
(80), and this functional alteration has been related to anatomical lesions 0) 
served in pancreas, and with steathorrea described by GILLMAN and GILLM ‘N 


among others (21, 50). 
It is necessary to insist that these changes in pancreatic activity have b« 
reported as one of the outstanding characteristics in Kwashiorkor. Howev ', 
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TABLE 1 


Main histopathological Jesions found in children affected with third degree 
Mainutrition and in Kwashiorkor. 


Malnutrition* Kwashiorkor 
(71) (14) 
Liver 
Fibrosis . + to + + to+ 
Pancreas 
Fibrosis + to + + to + 
Parotid Gland 
Ductal changes 
Blood vessel changes 
Kidney 
Hyalinization of the glomeruli . .. . = 
Metaplasia of the capsular einen. to a more 
Heart 
Mural thrombi in the ventricles Ses ae 
Hydropic degeneration of myocardial fibers in the 
Fibrous tissue in one or more of the cardiac cham- 
hers, most characteristically in the ventricles and 
especially in the left ventricle ..... . . . .|Only three cases 
Small Intestine 


* In Malnutrition reference is only made to those lesions found by Davies in children 


affected with Kwashiorkor; but there are some other lesions in different organs or tissues. 


suc, changes have been found by other investigators in different geographic 
regions regardless of the local name with which Malnutrition is designated. 

\NGHELYI describes them in Hungary (94), MAGELHAES-CARVALHO in 
Broil (49), GoMEz in México (37) and THOMPSON in Africa (80). 
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Histopathology 

According to DAVIEs (15) there is little doubt that in Kwashiorkor there is 
considerable impairment of many organs and tissues of the body. Since thie 
knowledge of the pathological changes in several organs is still incomplete, 
only those changes that at present are considered beyond reasonable doubt, 
are shown in the table facing this page (Table 1). 


Treatment 
Malnutrition 

The fundamental aim in treating a patient with third degree malnutrition 
is to get him to ingest, absorb, and utilize adequate amounts of the nutrient 
complex in order to repair and build his tissues (all of them damaged by 
Malnutrition) and in so doing, he may recover his lost physiological and bio- 
logical faculties in order to create the necessary “reserves” (35). Half skimmed 
lactic acid milk is our routine in the initial stages of treatment. 

It is well to state that these patients with advanced malnutrition are prone 
to show emergency situations produced by infections that complicate the 
clinical picture causing real accidents during the course of chronic malnutti- 
tion. Electrolyte disorders and infections are by far the most frequent com- 
plications, and must be searched for and treated if mortality rate is to be kept 
low. Here, as in many other aspects of malnutrition, classical measures and 
guides are of little value, because the malnourished child has been so deeply 
affected in its homeostatic mechanisms, that pharmacological responses and 
doses are entirely different from those required for well nourished children 
(28, 62, 88). 

Once the emergency episode is ended, the etiological treatment should be 
given, i.e., to furnish the organism with a full diet, generous in calories and 
rich in proteins of high biological value. This diet must be of easy digestion, 
palatable, not difficult to ingest, and in sufficient amounts to meet the pa- 
tient’s self-demand. 

In a study of over 500 cases, and 500 controls, GOMEZ et al. have found that 
commercial vitamins added to the diets are of no benefit. Recovery takes 
place at the same speed in both groups, and the mortality rate is also | he 
same for both the experimental and the control series (35). 

Blood and plasma transfusions seem to be useful during acute episo:es 
when shock is frequent or marked anemia is present. 


Kwashiorkor 


There is unanimous agreement in the sense that treatment should be ba-cd 
on supplying a high protein, low fat diet. To this end, half skimmed milk w.‘h 


lactic acid is recommended; other elements may be added gradually (1, ‘)- 
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TROWELL (82) and DAVIES (14) state categorically that vitamins added to the 
diet have no value whatsoever; furthermore, this practice may be dangerous. 
In their opinion, the infection which usually accompanies the picture should 
be searched for, and treated energetically, however slight the infection may 
be. Large amounts of milk proteins should be given together with an ade- 
quate and varied diet. 

3RoCK and AUTRET quote PIERAERTS’ opinion who says that, in very 
serious cases, human plasma transfusions may be convenient; the dose recom- 
mended is 100 ce daily for 10 consecutive days. 


Discussion 


For many years, the medical profession has been puzzled in the interpreta- 
tion of an ailment suffered preferably by groups of children inadequately fed, 
with low economical capacity, and poor sanitary conditions at home and in 
the community. 

Several names have been given to this disease, according to the stages of 
evolution when it has been observed and to the different clinical manifesta- 
tions studied by the different authors. 

The confusion had its origin in the varied clinical pictures the patients show 
throughout the time the aggression to their organism lasts. 

When MARRIOTT in 1920 proposed for this disease a pathological concept 
as a whole, he was not followed in his ideas, and the theme became more 
complex and confused with new names, and new concepts, all of them with 
only partial views of the problem. 

Since 1945, the Hospital Infantil de México, a country which is extensively 
afflicted with this ailment, adopted definitions, concepts, and classifications 
which consider the problem as a unit. Since then, we speak of a single disease, 
Malnutrition, with multiple pathological manifestations which obey a single 
pathogenesis (the deficient utilization of the elements of the nutrient complex by 
the tissue cells) but with multiple etiology. 

Now then, since Malnutrition is a process that affects each and every one 
of the cells, the tissues, and the organs of the individual, it is obvious that 
abnormal manifestations may be found in all the organs and systems, regard- 
less of the intensity or degree of Malnutrition, providing that adequate 
inethods of examination are used. 

‘due to the variety of symptoms and signs present, diverse authors formerly 
heneved they were confronting different diseases, according to the symptoma- 
toogy they observed. However, after meditating on the various manifesta- 
tus described in Malnutrition, it may be agreed that signs and symptoms 
ni y be classified into two well-defined large groups: 
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I. Signs present universally; that is, that are present in all cases regardless 
of the degree or intensity of Malnutrition. These manifestations, besides being 
universal, are important for the prognosis and treatment, and allow the evalu- 
ation of the evolution and recovery of the patient. 

II. Signs present only in a circumstantial manner due to a series of envircen- 
mental factors which vary infinitely, and which determine the clinical ‘va- 
riety’ of a case in particular. These manifestations, circumstantial, and not 
universal, are of no importance as far as the prognosis and treatment are con- 
cerned, and their evolution has little interest in evaluating the results ob- 
tained with the therapeutics employed. 

We frequently encounter a third group of signs or symptoms due to inter- 
current pathological conditions, usually of infectious nature. Since these 
signs and symptoms are independent of, or strange to, Malnutrition, they 
bear a great importance on the prognosis and treatment of a particular case 
and, frequently, act as secondary etiological agents which aggravate and 
modify the original process. 

In Malnutrition, the majority of manifestations that we have been calling 
“universal”, are of biochemical or functional nature, and require accurate 
laboratory work for their identification. Such is the case with the relative 
increase of interstitial fluid, the changes in alkaline phosphatase, or else, with 
the modifications of serum proteins. On the other hand, many of the signs 
considered “circumstantial” may be easily appreciated; for instance, changes 
in the hair, glossitis, or skin lesions. 

Thus, it is not strange that at the beginning of this century, signs reputed 
as unimportant were precisely those which called the attention of clinicians, 
and led them to meticulous studies tending to isolate ‘“‘well-defined nosological 
entities”, such as “pellagra’’. The problem increased and became more con- 
fusing when some clinical manifestations were erroneously considered ‘“‘spe- 
cific’ of certain deficiencies; thus, it was considered right to describe ‘pel- 
lagra’’ or ‘“‘farinaceous dystrophy”, etc., as precise nosological entities. but 
thanks to modern laboratory methods, the universal presence of some m:ni- 
festations of the ailment may be confirmed; this induces us to believe tat 
we are confronted with a single disease: Malnutrition. 

Recently, new names have been created to designate this disorder, mak ing 
longer an already long list: ‘‘Diboba”’, ‘‘Douaki”, ‘‘Kwashiorkor” in Africa, 
“Infantile Pellagra”’, ‘“Dysontia’’, “Protein Malnutrition”’, 
and many others in Latin America and other countries. 

Of these terms, Kwashiorkor has received more publicity, as it has had. in 
some way, the backing of International Organizations. But the word Kwas): or- 
kor is the one that less implies any essential clinical manifestations of the lis- 
ease. In spite of the inadequacy of the etiological significance of the t«'m, 
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extensive and well-conducted studies are being carried on at present with an 
orientation and a correct interpretation of the disease as a whole. 

Analyzing the pathological characteristics of the disease called Kwashior- 
kor, its geographic distribution, its racial characteristics, the incidence by 
sexes and ages, the feeding habits of the groups affected, the social economical 
conditions of the environment where these groups live, and comparing all 
this information with that obtained by us in our studies, together with that 
of other investigators, we are convinced, and firmly believe, that Kwashiorkor 
and Malnutrition are the same disease. 

Besides, from the analysis of other names used formerly and at present for 
this disease, we infer that the term Malnutrition is the most appropriate, as 
the etymological meaning of this word gives us a fair idea of the pathogenesis 
of the ailment, and a concept of unity of the same (Malnutrition: from the 
Latin malus, bad; and nutrire, process of assimilation of foods) (77). 

Finally we believe that if Malnutrition and Kwashiorkor refer to the same 
disorder, it would be useful to leave definitively to the medical profession the 
first term of general scope, instead of the second of local denomination, and 
having no etiopathogenic significance regarding the disease. 


Summary 


1. Taking into account that only through the etiologic and pathogenic 
knowledge of a disease it is possible to attempt its correct interpretation, the 
authors have considered necessary to do a comparative study between Mal- 
nutrition and Kwashiorkor, as seen respectively in México and in Africa. 

2. A comparison is made of the clinical, biochemical, and histopathological 
pictures, analyzing the information at hand. 

3. No fundamental reason was found from the clinical, the biochemical, 
or the histopathological points of view to consider Malnutrition and Kwashior- 
kor as two different processes. 

4. We believe that there is no reason to add a new term to designate an 
old malady, for this would increase the confusion among physicians and 
research workers. 

5. Malnutrition, or one of its many African equivalents (Kwashiorkor), 
has » multiple etiology, but its pathogenesis is always the same: deficient as- 
simi!xtion of adequate amounts of essential nutrients by tissue cells. 

6. We propose that the term Malnutrition (Desnutricién in Spanish) be 
used in preference to all other known names, classifying the disease by de- 
grec;—first, second, and third—to differentiate the various clinical, fune- 
tional, biochemical, and anatomo-pathological manifestations observed in 
chilren during the diverse stages of the disease. 


547511 A. Wallgren 
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(Head: Professor GYLLENSWARD.) 


The Incidence of Involuntary Marital Childlessness 


by CURT GYLLENSWARD 


The future existence of a nation is determined primarily by its marriage 
and fertility rate. In the individual marriage, involuntary childlessness may 
be a heavy burden. Consequently, knowledge of the true extent of involuntary 
marital infertility is of great importance from the point of view of population 
policy, as well as from the practical medical, psychologic and scientific aspects. 

The incidence of primary marital sterility has long been given as 15 to 10 
per cent, and this is the figure still found in text-books and other references 
(SIEGLER, 1944: minimum 10 per cent; PALMER 1950: “about”? 15 per cent; 
STALLWORTHY et al., 1953: 10 per cent, with reservations). This figure is, 
however, usually based on the assumption that, on psychological grounds, 
voluntarily childless marriages are rare (WESTMAN, 1936, 1940, and ZIEGLER, 
1944, among others). Due consideration is also paid to sufficient duration of 
the marriage and a sufficiently long period of fertility in the wife. These 
requirements are usually considered to be fulfilled when the duration of the 
marriage is at least 15 years, and the age of the female partner at marriage 
at most 30 years. 

In earlier statistical surveys—for example, in Scandinavia 
one in eight of the marriages fulfilling the aforementioned criteria is, in fact, 
found to be childless. Thus, in RuBIN & WESTERGAARD’s extensive study of 
marriages in Denmark in 1890, 12.6 per cent of the marriages with a duration 
of 15 years or more were found to be childless, the corresponding figure wi! hi 
a duration of 25 years or more being 11.5 per cent. FAHLBECK (1898) made a 
thorough investigation of a limited, well documented population group '1 
Sweden, i.e., the nobility, and found an almost identical figure. In 1895 (in 
part at the end of 1897) 11.3 per cent of the then existing marriages in t! is 
group with a duration of at least 15 years were childless. Women over 30 »t 
marriage were included; the figure might therefore be somewhat lower if t \¢ 
borderline were drawn at this age. The possible effect of some selection, ‘1 
view of the fact that a relatively limited population group is concerned, ®)- 
pears to lack importance in this connexion; this is also borne out by t « 
following. FAHLBECK pointed out that the relative incidence of childl: :s 
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marriages in his material was in good agreement with that in the whole of 
Sweden and in Denmark as well. Consequently, he regarded it as a reliable 
measure of the extent of involuntary marital sterility. 

l'AHLBECK’s figure is also in close conformity to the relative number of 
childless marriages found in a Swedish investigation made 35 years later by 
vON WILLEBRAND (1932) and applying to the conditions in 1930. This in- 
vestigation also concerned the Swedish nobility and was, in many respects, 
a continuation of FAHLBECK’s work. Irrespective of the wife’s age at marriage, 
the incidence of childless marriages was then 14.2 per cent with a duration 
of 16-20 years, 12.9 per cent with a duration of 21-25 years and 8.8 per 
cent with a duration of 26 years or more. As a comparison, it may be men- 
tioned that the 1930 census of population in Sweden showed the total inci- 
dence of childless marriages—irrespective of their duration and of the age 
of the wife at marriage—to be 13.6 per cent (Census of population 1930, and 
GYLLENSWARD, 1946). 

The results of these investigations covering a 50-year period thus seem to 
be in good agreement with the presumed minimum figure of 10 per cent for 
the incidence of primary marital sterility. This figure is, however, based on 
an assumption on the validity of which its accuracy is entirely dependent. 
On closer consideration of the problem, the following questions arise. Is it 
justified—or was it justified even at the end of the 19th century—to consider 
that, in the population groups in question, when a marriage had been with- 
out issue for 15 years, this was practically equivalent to involuntary infer- 
tility? Or to put it another way, can it be regarded as reflecting the actual 
conditions to assume that, practically without exception, it is the aim of all 
married couples—or was the aim even 50 years ago—sooner or later to pro- 
duce at least one child? 

WESTMAN (1936, 1940) made the following statement, based on calculations 
performed by WICKSELL at the Institute of Statistics in Lund. In 1932, the 
incidence of childless marriages in Sweden—irrespective of the age of the 
female at marriage—among women born between 1872 and 1881, who had 
thus passed the age of fertility in the nineteen-thirties, amounted to 16.9 per 
cent of all marriages. This figure is remarkably high in comparison to the 
figure usually given for primary sterility (lowest 10 per cent) even if the latter 
must be regarded as uncertain. WESTMAN expressed the opinion—which seems 
to he well grounded—that, even if some proportion of the women in question 
had married late, the high incidence of childless marriages indicates an in- 
creised use of contraceptives. This would, however, imply that birth control 
hac to some extent been practised during the whole marriage. Moreover, in 
vie’ of the year of birth of the women in question, this would have taken 
place even in marriages contracted at the end of the 19th and the beginning 
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TABLE 1 


Childless marriages in per cent of all existing marriages in the Swedish nobility in 
1895 and in 1930. 


Duration of marriage (years) 
Year 
0-5 6-10 11-15 16-20 21-25 26- Total 
1895 43.8 15.6 17.8 12.6 12.1 10.4 18.2 
1930 54.7 23.1 13.8 14.2 12.9 8.8 20.3 


of the 20th centuries. Or, earlier use of contraceptives would have resulted 
in subsequent inability to conceive. It is considered that contraceptives are 
unquestionably harmful, but this applies only to certain chemical spermicides 
and to mechanical devices to be introduced into the uterus (WESTMAN, 1936). 
It would, however, appear reasonable to regard infertility of this kind as 
secondary and not as primary sterility. The question then arises whether 
birth control was also in practice in the series of FAHLBECK and other authors. 
If this were the case, the 10 per cent given as the minimum figure for in- 
voluntarily childless marriages—and, consequently, for primary sterility— 
would then also be too high. The problem would certainly bear investigation. 
The difficulties of planning direct investigations are nevertheless almost in- 
surmountable. It is necessary to resort to a great extent to indirect methods. 

It has earlier been considered that, in the overwhelming majority of mar- 
riages able to have issue, children are born during the first 10 years of the 
marriage. The subsequent 11 to 15 years have been included as a safety 
margin. That this might earlier have been justified would seem to be apparent 
from a table taken from VON WILLEBRAND’s investigation (Table 1). This 
table shows both FAHLBECK’s figures for 1895 and the corresponding figures 
recorded by VON WILLEBRAND for 1930. But the table also permits further 
inferences to be made. 

The figures, which in some cases are fairly small, give rise to a few vari 
tions of minor importance; they nevertheless give two definite impressi: 
Firstly, in 1895—i.e., during the 1885-1895 period—the absolutely 0. er- 
whelming majority of marriages which had issue produced the first ¢/vjild 
during the first 10 years of the marriage. Secondly, in 1930 —i.e., during ‘he 
1915-1930 period—there was a considerably greater tendency than ear/ier 
for the first child to be born after about a further 5 years of marriage. " his 
can scarcely have been other than voluntary. Since VON WILLEBRAND’s ob ect 
was to investigate the future existence of the population group in quest on, 
he did not include stillbirths and deaths in early infancy. Consequently, ‘he 
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Percentage of existing childless marriages in 1950, by year of marriage. 


TABLE 2 


Percentage of childless marriages 
Year of 
marriage In densely In sparsely In total 
populated areas | populated areas population 
1950-1946 39.5 31.1 37.4 
1945-1941 19.5 14.4 18.1 
1940-1936 18.2 12.8 16.6 
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figures for childless marriages exceed the actual figures by the number of 
marriages in which all the offspring were stillborn or died in early infancy. 

If the census figures are analyzed, this displacement is also found to apply 
to the population of Sweden as a whole. In the first census of population in 
which more detailed family statistics of importance in the present connexion 
are given, ie., that of 1930, calculations yield the following figures. With a 
duration of marriage of 10-15 years and the maximum age of the wife at 
marriage 30 years, the incidence of childless marriages is 7.4 per cent, the 
corresponding figure in marriages of more than 15 years’ duration being 2.8 
per cent. But in the partial census of population of 1936, the corresponding 
figure in marriages of 10-14 years’ duration is found to be 10.1 per cent 
and in marriages of at least 15 years’ duration 6.2 per cent. (Data on which 
corresponding calculations can be based are lacking in the census figures for 
1945 and 1950.) 

During the past few years, the tendency to lengthy, voluntary childless- 
ness has become still more apparent. On the basis of the 1953 Statistical 
Abstract of Sweden (Table 36) it can be calculated that in 1950—this being 
the most recent year for which data are given—16.6 per cent of all marriages 
in the whole of Sweden with a duration of 10-15 years were without issue 
(Table 2). It is also found that, in sparsely populated areas, the relative num- 
ber of childless marriages even after 10-15 years is only twothirds of that in 
densely populated areas. 

The latter observation is not in itself surprising, since it is an established 
foct that birth control has for a long time been more extensively practised 
in towns than in rural districts (G@YLLENSWARD, 1946). That the difference is 
so considerable is, however, interesting for two reasons. The first is that it 
has so long been extended to complete childlessness. The second is that it 

lows that failure to produce children must to a great extent be voluntary. 

That the figures apply only to children under 16 years living at home, and 
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include adopted children, foster children and children of either partner by 
a previous marriage, plays no role in this connexion. It is more probably ai 
indication that the actual figures for marital infertility are in fact higher. 

Thus, there is a marked increase in the number of childless marriages o} 
10-15 years’ duration; this also applies to marriages of still longer duration. 
The proportion of all marriages without issue—irrespective of the duration 
and of the age of the wife at marriage—has also increased rapidly and to « 
considerable degree. The incidence of such marriages increased from. 13.6 pe: 
cent in the population census of 1930 to 20.5 per cent in that of 1935-36, 
to 26.8 per cent in that of 1940, and to 28.9 per cent in that of 1945. Here 
as well, the fact that only children up to a certain age living at home are 
included is presumably of minor importance for the tendency reflected by 
these figures. This is because it is a question of entirely childless marriages, 
and factors of this nature are operative throughout. 

On the other hand, consideration should be paid to the marked change in 
the distribution of the population by marital status which characterizes the 
nineteen-thirties and nineteen-forties. Thus, in 1930 only 618 per thousand 
women between 15 and 45 years of age were married, as against 674 in 1935, 
774 in 1940, and 878 in 1945. The marriage rate has increased and the age 
of the woman at marriage has fallen slightly. This not only implies a relative 
increase in the number of marriages of short duration as a proportion of all 
existing marriages. It also automatically implies a relative increase of the 
same degree in the number of involuntarily childless marriages. This is be 
cause marriages are more frequently involuntarily sterile during the first 
years than when they are of longer duration. On the other hand, an increase 
tendency to voluntary infertility during the first 10 years of marriage natu- 
rally raises the relative incidence of voluntarily childless marriages; the in- 
crease will be in proportion to the relevant increase in the number of mar- 
riages of short duration. 

A substantial part of the increased incidence of infertile marriages ¢:11 
scarcely be explained on any other grounds than that a successively larger 
number of married couples in Sweden choose to remain childless for an it- 
creasingly long period. The following fact should be recalled in this connexio: 
A number of factors operating in different directions are involved, in pa 
ticular the decrease in the size of sibships and the increased longevity. T! 
highest figure for the 0-15 year age group as a proportion of the who 


population of Sweden was nevertheless reached as early as 1870. 

I shall now return to a question relevant to the estimation of the exte: | 
of involuntarily childless marriages. This is whether voluntary infertility mi: \ 
apply during the entire duration of a marriage and, particularly, wheth:' 
this was the case to any marked degree even during the periods and in t! 
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TABLE 3 


Change in the relative incidence of births in Sweden in 1891-1930 in per cent of the 
incidence of births in 1881-1890 (legitimate births only). 

Age of mother at Yours 

childbirth, years 1891-1900 1901-1910 1911-1920 1921-1930 
15-20 +10 +22 +17 +16 
20-25 + + 1 ~ 26 
25-30 2 6 — 41 
30-35 6 —14 32 51 
35-40 - 7 17 — 35 56 
40-45 -— 9 — 23 — 40 61 
45-50 — 34 52 — 68 


TABLE 4 


Relative distribution of legitimate births in Sweden in 1881-1930, by age of mother 
at childbirth. 


Age of mother at Years 

childbirth, years | 1381 1890 | 1891-1900 | 1901-1910 | 1911-1920 | 1921-1930 
15-20 0.95 1.14 1.41 1.42 1.70 
20-25 12.92 13.17 15.94 16.72 18.30 
25-30 25.41 24.46 26.91 27.55 28.38 
30-35 26.28 26.74 24.96 25.46 24.82 
35-40 21.25 21.86 19.23 18.90 17.70 
40-45 11.52 11.23 10.30 8.94 8.18 
45-50 1.65 1.39 1.24 1.00 0.92 
50-55 0.02 0.01 0.01 0.01 0.00 
Total 100.00 100.00 100.00 100.00 100.09 


population group covered by the investigations of FAHLBECK and of von 
WILLEBRAND. The first fact to be borne in mind is that, even at the time in 
question, there was unquestionably a change in that married women from 
the age of 25-30 years and upwards gave birth to children in successively 
decreasing numbers (Befolkningsrérelsen 1921-1930, GYLLENSWARD, 1946)— 
see Tables 3 and 4. This displacement cannot be explained on the grounds 
of ‘he change in the distribution of the women by civil status. As pointed 
ou’ earlier, this became marked only with the nineteen-thirties and forties. 
may also be pointed out that WAHLUND was able to demonstrate con- 
vir cingly that, among the nomad Lapps in Sweden, no decrease in primary 
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fertility is associated with rising age up to the menopause. This is in contra- 
diction to the statements generally made in textbooks of gynaecology, v:z., 
that a marked and rapid decrease in fertility is physiological in women over 
35 years of age. It is, however, possible that a considerable role may be 
played by voluntary infertility. In any event, a possible decrease in the 
physiological fertility with rising age is of no importance in the relative dis- 
placement during the various decades; this is evident from the tables. I shall 
return to this question later. 

Thus, a displacement has occurred in that, in a not inconsiderable number 
of marriages, the first child is born later in the marriage, i.e., when the 
mother is older than was formerly the case. On the other hand, there is a 
tendency—demonstrable at the end of the 19th century and increasing suc- 
cessively since then—to give birth to no children after the age of 25 to 30. 
Changes in occurrences of this nature are not apt to take place in jumps. 
Consequently, it is possible that the increasingly marked unwillingness of 
women to bear children after 25 to 30 years of age may also be expressed 
as unwillingness even to give birth to a first, and possibly an only, child 
after this age. But the result will be the same in proportion to the physio- 
logical decrease in primary fertility—always provided that there is actually 
a marked decrease in fertility after 35 years of age, and attempts to conceive 
have purposely been deferred until after this age. This also applies in principle 
if birth control has been practised earlier and has resulted in subsequent 
involuntary inability to conceive. It is also applicable when the reason is 
secondary sterility on some other grounds, which is obviously a more com- 
mon occurrence at a higher than at a lower age. An important consideration 
is that these factors could have been operative even at the turn of the 
century and before it. For, this would result to the same degree in what is, 
in actual fact, voluntary infertility. In this case, the effect on the figures 
would be such that the final incidence of marital infertility would not—even 
at the time in question—be an acceptable measure of the incidence of invo- 
luntarily childless marriages. 

VON WILLEBRAND’s results—particularly as compared to those of FAiiL- 
BECK—(see Table 1) might appear to speak against any voluntary, total 
marital infertility of consequence in Sweden even as late as 1930. If none 
occurred in the population group investigated, the figures would be re} re- 
sentative for the whole of Sweden and an expression of the tendency. Thi: is 
because, at the time in question, birth control was extensively practised in 
Sweden, and most extensively in the social groups from which the gre« ‘er 
part of the material of these two authors was derived. In 1921-1930, ‘he 
birth rate in Sweden was only 17.5 per thousand (in 1930 only 15.4 ver 
thousand) as compared to 27.1 per thousand in 1891-1900. In the nobil':y, 
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the birth rate was only 15.4 per thousand in 1891-1895 and a mere 10.0 
per thousand in 1926-1930. 

In both 1895 and 1930, i.e., from the eighteen-seventies up to 1930, 13-14 
per cent of all the marriages in the nobility with a duration of 16-20 years 
were childless. Thus, in this respect, there is no difference between 1895 and 
1930. Neither VON WILLEBRAND’s nor FAHLBECK’s figures take into account 
the wife’s age at marriage; consequently, the two series are comparable from 
this point of view. It is, however, remarkable that the incidence of childless 
marriages in the whole material—irrespective of the duration—is strikingly 
high in both FAHLBECK’s investigation (18.2 per cent) and in VON WILLE- 
BRAND’S (20.3 per cent). This is still more evident if a comparison is made 
with the figures for marital infertility in the whole population of Sweden. 
VON WILLEBRAND’s figure for 1930 was 20.3 per cent; that in the whole 
population was 13.6 per cent (GYLLENSWARD, 1946). 

The failure to include stillbirths and some infant mortality is of no conse- 
quence. The incidence of marriages that are childless on these grounds—even 
if a reservation is made for the possibility that a mother whose first child 
was stillborn might be unwilling to take the risk of producing further children 
-—can searcely be anticipated to amount to more than one or two tenths per 
cent. For, in 1930, stillbirths and infant mortality in Sweden together 
amounted to about 4 per cent of all births, and the mean number of living 
children in the marriages with issue in VON WILLEBRAND’s material in 1930 
was only slightly more than 3. On the other hand, his final incidence of child- 
less marriages, i.e., that in the marriages of longest duration, was relatively 
low, amounting to 8.8 per cent. The corresponding figure in FAHLBECK’s 
material is 10.4 per cent. If it is correct that the lowest figure for involuntary 
infertility is 10 per cent, it would therefore appear reasonable to interpret 
the conditions as follows. It is true that many married couples have waited 
to produce children until after several five-year periods (and longer in 1930 
than in 1895) but they have not voluntarily pursued this course to complete 
childlessness for the whole duration of their marriage. 

A further study of VON WILLEBRAND’s publication nevertheless shows that 
the latter supposition can scarcely be correct. He also provides data regarding 
the incidence of childless marriages in different income groups. In 1930, the 
incidence with an income below 6,000 kronor was 11.8 per cent, with an 
income of 6,000-50,000 kronor 12.8 per cent, and above this figure 7.0 per 
cent. Since VON WILLEBRAND included only those best placed socially, the 
diffe'enee in the incidence figures may be interpreted to mean that the 
prod iction of children has been postponed as long as the income was low. 
On te other hand, the income was low as long as the partners in the marriage 
were young. For the same reason, the duration of the marriage was shorter 
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TABLE 5 


Percentage of childless marriages in urban and in rural districts, by income 
(Swedish nobility in 1930). 


Percentage of childless marriages 


Annual income 
Urban districts | Rural districts 


50,000 Sw. Cr. and above .. . 8.8 | 4.¢ 


6,000-50,000 Sw. Cr. ..... 13.8 | 8.7 


and was therefore more frequently involuntarily childless. This agrees with 
the number of children in the families, it being lowest in the lowest income 
group and then rising successively with a rising income, the respective figures 
being 2.8, 3.1, and 3.7 children; this is not a usual condition. But in this case, 
some proportion of the childless marriages must be voluntarily so, and the 
lack of issue in some of those involuntarily childless cannot be final. Conse- 
quently, the number of childless marriages in the highest income group must 
be closer to the actual number of involuntarily childless marriages. The re- 
markable feature is then that this incidence is appreciably lower than thiat 
generally considered to be representative. In this case, the incidence of in- 
voluntary marital infertility would be lower than has hitherto been supposed. 
This possibility is borne out by VON WILLEBRAND’s classification of childless 
marriages according to income and to residence in urban or rural districts 
(Table 5). 

No classification is made according to the duration of marriage; therefore, 
the figures do not show the final incidence of infertility. It is thus all the 
more remarkable that the incidence is lower in three out of the four groups 
—and in one of them considerably lower—than that generally considered to 
apply. Obviously, the lowest value is that of interest here. It amounts to 
only 4.3 per cent; thus in this group—the highest income group in rural 
districts—only 1 in every 23 marriages was childless, as against the acce}ted 
1 in 8 or possibly 1 in 10 as involuntarily childless. 

It is probable, for several reasons, that it was particularly desirabl. in 
this group for children to be born early in the marriage, so that they m/ghit 
carry on the traditions and the responsibilities of their heritage. This sh uld 
apply still more forcibly if tradition were handed down on both the pate nal 
and the maternal side. In the group in question, this was the case when | oth 
parents were of noble birth. In marriages of this nature in the highes’ in- 
come group in rural districts, the incidence of marriages without issue was 
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only 3.1 per cent, and that in the income group next in order 4.0 per cent. 
jt cannot be assumed a priori that the incidence of involuntary infertility 
would be lower in these groups than in the general population of Sweden. 
As already mentioned, VON WILLEBRAND purposely did not include the 
category now denoted as social group III. Moreover, in the 1930 census, the 
incidence of childless marriages was usually greatest in the highest income 
groups in Sweden (Census of population 1930: IX). 

The objection might be raised that, owing to the relatively small size of 
the material, the low values for infertility in this particular group could be 
due to chance. The fact that the same tendency can be noted in all the groups 
is an argument against this interpretation. 

The results of another thorough investigation are of interest by way of 
comparison; it was made on entirely different population groups in Sweden 
and dealt with a different period. It was carried out by the late Dr. K. E. Ep1IN 
and covered six parishes in Vaéstmanland (Arboga town, Arboga rural district, 
Tortuna, Karbenning, Moklinta and Vastanfors). The investigation thus 
covered a geographical area with both an urban and a rural population and 
all the social groups in it. Data were assembled on families in which the 
parents had contracted marriage at some time during the 18th and 19th 
centuries; a few marriages took place as early as the sixteen-nineties and the 
latest took place during the eighteen-eighties. (The data were kindly placed 
at my disposal by Professor 8S. WAHLUND). In the marriages with a minimum 
duration of 15 years and the age of the wife at marriage at most 30 years, 
the relative incidence of entirely childless marriages was only 3.2 per cent. 

This figure is in surprisingly good agreement with VON WILLEBRAND’s 
lowest figure for marital infertility. It is nevertheless also a maximum figure, 
since stillborn children in particular and even those who died in early in- 
fancy were not always recorded in the parish registers at the time in question. 

It appears highly probable that, during the 18th century and the first 75 
years of the 19th century at least, voluntarily childless marriages were ex- 
tremely uncommon in Sweden. It suffices to study the 1930 census of popu- 
lation to confirm the view that the low figures noted are in better agreement 
with the actual incidence of involuntary marital infertility than the hitherto 
accepted minimum figure of 10 per cent. If a calculation is made of the 
incidence of childless marriages in all marriages with a minimum duration 
15 years and the age of the wife at marriage at most 30 years in this census 
of population, the figure is found to be only 2.8 per cent. It is also interesting 
to ascertain the extent of lengthy, voluntary infertility in the different groups 
b: occupation. The value of 2.8 per cent closely approaches the incidence 
even in marriages with a duration of only 10-15 years in the population 
gicups with the lowest incidence in the 1930 census (Teble 6). 
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TABLE 6 
Percentage of childless marriages in various regions (riksomraden) in Sweden, wit! 
age at marriage 20-24 years and duration of marriage 10-15 years, in agricultur: 
and subsidiary occupations, and in all occupations in 1930. 


Percentage of childless marriages 


Regions 
iks Agric | 
(Riksomraden) \gric ulture and All occupations | 
subsidiary occupations 
Rural districts of | 
Ostra Gotaland 2.9 3.7 
Skane, Halland and Blekinge 3.8 3.6 
Bohuslan and Vanerlainen . 3.6 3.9 
Dalarna and Norrland 3.2 4.0 
Urban districts 
Other towns with min. population 30,000 . . — 5.9 
Towns with population less than 30,000 . . 6.8 


In the five regions into which Sweden was divided for certain purposes in 
the census in question—the so-called ‘riksomraden’’—the incidence of child- 
less marriages among persons engaged in agriculture and subsidiary occu- 
pations was at least 2.9 per cent and at most 4.1 per cent. This applied to 
an age at marriage of 20 to 24 years and a duration of (only!) 10-15 years. 
For all rural occupations, the incidence—under the same conditions—was 
higher than that in the agricultural population in all but one of the “riks- 
omraden”. This is a strong indication that, even 25-30 years ago, a not in- 
considerable number of families in certain groups in rural districts as well 
were voluntarily childless up to the age of 30, and even up to the age of 40. 
In the towns, and particularly in Stockholm, the incidence was still higher 
With the same duration of marriage and age at marriage, the incidence of 
childless marriages was 6.8 per cent in the small towns, 5.9 per cent in the 
large towns, and 12.8 per cent in Stockholm. Consequently, the mean 2.* 
per cent of childless marriages in 1930 may also be—and should be—too hig 
a figure to apply to the incidence of involuntary final marital infertility i: 
Sweden during the first three decades of the 20th century. 

Further confirmation of the extent to which complete childlessness i 
marriage is practised in Sweden, and the differences in this respect betwee 
the rural districts and the towns, is provided by the investigations of NYBLE 
and QUENSEL (1950). They calculated the incidence of childless marriag¢ ; 
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TABLE 7 


Percentage of childless marriages of 15-20 years’ duration, in relation to the age of 
the wife at marriage, in population census of 1930 and of 1935-1936. 


Age of wife at marriage (years) 
Population census 
15-19 20-24 25-29 30-34 
1930 1.8 4.0 7.6 13.4 
1935/36 2.5 4.5 9.0 15.0 


that would result from the fertility in 1931-1935, based on the relative 
distribution in the 1930 and 1936 censuses. They found that, after a duration 
of 20.5 years, about 15 per cent of the marriages in rural districts and about 
25 per cent of those in towns would be childless. It appears unquestionable 
that a considerable proportion of this marital infertility must be voluntary, 
particularly as far as the large preponderance of the towns over the rural 
districts is concerned. 

Interesting figures are also given by NYBLEN and QUENSEL for the inci- 
dence of childless marriages, by duration of marriage and age of the wife at 
marriage, in the census of 1930 and that of 1935-1936. Table 7 has been 
assembled from the data in their investigation; it shows the percentage of 
childless marriages of 15-20 years’ duration, classified according to the age 
of the wife at marriage. 

It may be inferred from Table 7 that, with the same duration of marriage, 
the incidence of childless marriages rises steadily with a rising age of the 
wife at marriage. After 15-20 years, it is twice as high when the wife was 
20-24 years of age at marriage as when she was 15-19 years old; it is seven 
times the basic figure when the age at marriage was 30-34 years. This might 
be an indication that the fertility of the female declines rapidly, either 
primarily or secondarily, with age—not, as stated in the textbooks, only 
after the age of 35-37, but steeply and without interruption as soon as 
after 20 years of age. 

\ comparison between the figures in the 1930 and the 1930-1936 censuses 
shows, however, that a strong influence is exerted by voluntary infertility. 
The incidence of childless marriages is higher in all the age groups in the 
1925-1936 census than in that of 1930, and the relative incidence is highest 
i ‘he youngest age group. Presumably, the number of marriages contracted 
afier a child has already been conceived is relatively greatest in this age 
group, and the incidence of primary sterility is therefore lowest. Consequently, 
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the order of magnitude of the difference, the difference between the incidenc:: 
in the census of 1930 and in that of 1935-1936, as well as the aforegoiny 
statements regarding the incidence of childless marriages with a duration of 
at least 15 years and a maximum age of the wife at marriage of 30 years in 
the census of 1930 (2.8 per cent), are all definite indications of where the 
main reason is to be sought. 


Discussion 


The investigation thus indicates that voluntary, complete childlessness— 
at any rate almost up to the time at which cessation of fertility is physio- 
logical in the female—occurred to a considerable extent in certain groups in 
Sweden even before the beginning of the present century. Even 25 to 30 
years ago, it was a common occurrence in the towns and was also demon- 
strable in the purely rural districts throughout the country. 

It is therefore not surprising that its influence can be noted in the material 
of FAHLBECK and of VON WILLEBRAND. It would have been remarkable had 
it not been so. The general attitude to such questions is well known; more- 
over, during the relevant periods, a considerably lower birth rate was demon- 
strated in the population groups in question than in the population as a whole. 
It may therefore be concluded that birth control was practised most exten- 
sively in the population groups studied by the aforementioned authors. 

A high incidence of childless marriages (10.4 per cent), even in those of 
longest duration, was found in FAHLBECK’s material as a whole, as well as 
in that of VON WILLEBRAND (8.8 per cent). On the other hand, in the latter's 
material, the incidence in certain groups—irrespective of the duration of 
marriage—was low (down to 3.1 per cent). This also applies to the incidence 
in marriages of at least 15 years’ duration, when the age of the wife at 
marriage was at most 30 years, in a Swedish population during the 18th and 
19th centuries (3.2 per cent), and in the census of 1930 (2.8 per cent). These 
appreciable differences are hard to explain on any other grounds than those 
of fairly comprehensive voluntary infertility. A biological difference in the 
ability to produce children in disfavour of those better situated socially can 
be ruled out. For, it has been shown that the incidence of premature birtlis 
is lower and the mean birth weight higher in these groups (GYLLENSWARi, 


1946). 

It is not merely possible, but even highly probable, that voluntary infe:- 
tility during the whole marriage has been practised extensively. This co: - 
clusion is in good agreement with WESTMAN’s statements regarding WIC: - 
SELL’s investigation of 1932. In addition, the present investigation must | 
considered to support WESTMAN’s (1936) view that the total lack of childre 
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found by WICKSELL in marriages, some of which were contracted as early 
as the eighteen-eighties, must be ascribed to a great extent to the use of 
contraceptive measures. In large population groups it seems, however, to be 
considerably more common and to have been practised far earlier than has 
hitherto been assumed. The actual meaning of voluntary infertility can then 
be discussed. 

Certain contraceptives of the type that are introduced into the uterus are 
considered to be able to cause subsequent inability to conceive. If this is so, 
the displacement that has taken place in that the first child is more often 
born later in the marriage than formerly may have the following result. 
Attempts to conceive may be made only after the woman has become sec- 
ondarily sterile, owing to the earlier use of such contraceptives. Her sterility, 
which was initially voluntary, has then become involuntary, but is never- 
theless in its own way self-imposed. Devices of the aforementioned nature 
may be assumed to have been used only to a limited extent during the 19th 
century and the beginning of the 20th. Consequently, they presumably had 
little influence on the occurrence of voluntary sterility at this time. 

A primary decline in the fertility of the female before the menopause 
seems to be contradicted by the investigation of WAHLUND. On the other 
hand, there must reasonably be an increased risk of secondary sterility with 
rising age, regardless of whether birth control has been practised earlier. 
For this reason, the demonstrated postponement of the birth of the first child 
until after the age of 30 and almost to the age of 40 must, in any event, 
imply that earlier, voluntary sterility may be succeeded by involuntary 
sterility. The latter is, ultimately, the result of choice and is therefore volun- 
tary in this sense. The aforementioned displacement has been successive and 
has been greatest during recent years. It therefore played a smaller role 
formerly than now in the incidence of childless marriages. 

The following fact must, however, be regarded as speaking against the 
earlier use of contraceptives, or of a decline in female fertility—possibly after 
the age of 35 in particular—as responsible for any large proportion of child- 
less marriages in the general population. In the population as a whole, at 
any rate up to 1930, a marked decrease could be noted in the incidence of 
childlessness with a long duration of the marriage, and thus—in this con- 
nexion—at a relatively late stage in the period of fertility of the female. 

The actual infertility in large, and increasingly larger, population groups 
anc its substantially voluntary nature—whatever the cause may be—is of 
importance in population policy in several ways. It is regarded as the natural 
desire of every married couple to produce at least one child and to try under 
al! circumstances to fulfill this desire. This view appears to have ceased to 
be zenerally applicable for at least the past fifty years and to have become 
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successively less valid. The present investigation thus indicates that it is 
incorrect, from the point of view of population policy, to exclude the first chili 
from social benefits, such as the children’s allowance (GYLLENSWARD, 1946). 

Whatever the causes of the differences demonstrated in the incidence of 
childless marriages in the respective population groups may be, the following 
statement may be made. For the Swedish population of today, it seenis 
difficult not to regard a bare 3 per cent as a more correct measure than tlie 
earlier assumed incidence of at least 10 per cent for truly involuntarily child- 
less marriages—primary sterility due to one of the partners, or both sep:- 
rately, or both together in the particular marriage (so-called biological or 
immunological sterility) during the fertile period of the female. Since abor- 
tions have not been included, the figure for involuntary infertility should be 
even somewhat lower. 


Summary 

The incidence of involuntary marital childlessness has long been given, 
and is still given, as 15 to 10 per cent. Approximately this incidence is, in 
fact, found in marriages with a minimum duration of 15 years in investigi- 
tions made in Seandinavia both around 1890 and 1930. 

It is demonstrated that the incidence was, in reality, only about 3 per cent, 
in marriages of at least 15 years’ duration and a maximum age of the wife 
at marriage of 30 years, in a population in the midlands of Sweden, com- 
prising both urban and rural districts, during the 18th and 19th centuries. 
This figure also applies in the following cases: the whole population of Sweden 
in the census of 1930; in marriages of at least 15 years’ duration and a maxi- 
mum age of the wife at marriage of 30 years, in all marriages—irrespective of 
the duration—in a limited, well-situated population group in rural districts 
in Sweden in 1930; and in marriages of 10-15 years’ duration, and an age «it 
marriage of 20-24 years, in a population employed in agriculture and subsi- 
iary occupations in the census of the same year. The actual involuntary infer- 
tility may be presumed to be still lower, since stillbirths, many deaths in 
early infancy, and abortions are not included. 

It is shown that a successive displacement of not inconsiderable exte:'t 
has occurred, in that voluntary childlessness is practised during a long: r 
period of the marriage, and thus until the wife is older than was forme)'y 
the case. This also applies in marriages in which at least one child is eve'- 
tually born. Even during the 19th century, a tendency is found—whi hi 
thereafter has increased successively—for the wife to be disinclined to gi. « 
birth to a child at this higher age and, in fact, as soon as after 25-30 ye: 's 
of age. The possible influence of this factor on later attempts to conceive is 


discussed. 
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It is concluded that the view that voluntarily completely childless mar- 
riageS are rare on psychological grounds has presumably long ceased to be 
generally applicable to large population groups in Sweden. 

It is pointed out that it is incorrect, from the point of view of population 
policy, to withhold social benefits—such as the children’s allowance—from 
the first child, and to base such a policy on the hope that efforts will always 
be made to have at least one child. 
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From the Department of Maternal and Child Health, 
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Geographical Pediatrics 
by J. H. DE HAAS 


Introductory Note 


Few pediatricians in the world are so internationally minded as Professor WALLGREN. 
Few pediatricians visited so many countries as he did before and after the war. 

The pinnacle of this world-wide interest was reached by his leadership of the WIi0 
visiting team of medical scientists to Indonesia in 1953. In this fascinating tropical 
country WALLGREN became acquainted with our previous working-sphere. 

My 25 years’ experience in clinical and social pediatrics in different parts of the 
world may be some justification for this treatise on geographical pediatrics. 


The great development of medicine, which took place before, during and 
after the war at a quick rate urges the doctor irresistibly to keep pace with it. 
The time or opportunity necessary to review the situation in completely dif- 
ferent regions and to compare modern conditions with a more or less recent 
past is hardly left to him. 

Notwithstanding this slight tendency to comparison and historical orienta- 
tion, modern medicine gradually becomes more conscious of the fact that 
laboratory experiments and clinical observations may lead to conclusions, 
which are acceptable in the more or less restricted area of research, but not 
necessarily in other parts of the world. Local experiments and observations 
have to be complemented by investigations made in different regions under 
quite different circumstances. 

If this had been realised before it might have been stated that many medical 
dogmas only had local significance. It was not easy for the doctor to come to 
this conclusion, because he was hampered by the fact that until recently 
modern medical research outside Europe and America took place more ini- 
dentally than systematically. 

If it had been known that breast-fed children of so-called primitive nations 
usually go through a dystrophic development and may show clearly perce: 't- 
ible deficiencies, the opinion that under all circumstances breast feediny is 
preferable to artifical feeding would not have held so long. 

If attention had been paid to the fact that, as a rule in the tropics, rick ‘s 
is as exceptional as caries is common, the supposition would not have becn 
made in the past that rickets and caries go hand in hand. 

If the importance of the problem of dysentery had been known, the ¢!1- 
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ception that diarrhoea in the young child is a feeding disturbance would 
not have been generalised. 

If the shocking and permanent state of undernutrition in the tropics, 
especially among mothers and children, had been recognised, full attention 
would have been directed in the past to the predominant significance of the 
problem of nutrition—in better nourished countries, as well as in the tropics. 

If doctors had not relied only on Western observations, epidemiological 
hypotheses would have been put forward with more reluctance. This explains 
why epidemiologists are no longer content to make observations only in their 
own surroundings, but are now looking more and more towards the East. 

Modern medicine is controlling ever greater regions of the earth, regions 
which had sometimes been approached already from an other angle by 
pathologists in the tropics. 

The comparison of Western and tropical pathology dates from the time 
when medicine was first confronted with death and disease in the East. The 
tendency prevailed to test observations made in Eastern countries with the 
beliefs of classical Western medicine. Shortly after the First World War a 
revival of the study of geographical pathology took place, in Western Europe 
and elsewhere. 

The study and comparison of general medical problems were given 
priority. The observations nearly always related to aduits, while children 
were practically left out of the question until pediatrics became more in- 
fluential. 

In the tropics pediatric surveys were carried out more systematically in 
the last decade before the Second World War. They were complemented by 
post-war research. This basic knowledge of child life in the tropics led to the 
tendency to compare clinical and social pediatrics in West and East, especially 
if one had the privilege to work again in Western countries after a long experi- 
ence in the tropics. 

This tendency to compare becomes stronger through the rapid development 
of modern medicine. Pediatrics entered into a new period of prevention and 
treatment with which the third period in the history of pediatrics came to an end. 

toughly the history of pediatrics in Europe and America, though not to 
be separated from the trend of (social) medicine in general, can be distinguished 
in the following periods: 

(1) 1820—1880 gradual transition to clinical specialism; 

(2) 1880—1920 consolidation and first triumphs, seconded by improvement of 

social conditions; 

(3) 1920—1950 application of methods of modern science in interrelationship with 

the rapid development of public health; 


(4) 1950— promotion of maternal and child health (according to plan) and 
increasing domination of social pediatrics. 
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These periods more or less overlap each other in different Western countries, 
while the elements of the first or second period may not yet have fully penc- 
trated everywhere. 

In the tropics these stages of development in pediatrics are taking place 
more or less simultaneously, though they are handicapped by bad social 
conditions. 

It is tempting to call the comparison between child health in East and West 
and in neighbouring countries, which are situated in the same Eastern or 
Western region, “geographical pediatrics”, in accordance with the term Geo- 
graphical Pathology. But it will become clear that difference in place is 
actually rather a difference in time. Besides, in one and the same region 
differences may be greater, e.g., between the poor native children and the 
privileged Western children in the tropics, than in two countries. 

For the sake of clarity conditions of child life in the East and West are 
compared. This may seem a simplification of a complicated problem. Actually 
there is no sharp borderline, neither geographical nor medical. The situation 
in partially Western and partially tropical countries is also integrated in this 
treatise on the comparison of pediatric conditions in East and West. 

A comparative study of child health in countries, which are situated in the 
same Western or Eastern region and have more or less the same social stand- 
ard, is another pillar of Geographical Pediatrics. 

It is inevitable that the pediatrician in the tropics begins to make his 
observations with a Western approach. On the other hand, when after a 
protracted stay in the tropics one returns to the West, Western conditions are 
also looked at through Eastern spectacles. It will perhaps gradually be ac- 
cepted that this alternative approach will be fruitful for the development 
of science in general. 

The doctor who gets confused by modern success will no longer realise that 
the cradle of medicine does not stand in Europe, but in Asia. He is, however, 
aware of the long standstill in medical thinking in Eastern countries. This 
standstill caused immense arrears in medical development. This holds true 
especially for pediatrics, the youngest offspring of clinical medicine. 

But also in this historical process backwardness can lead to an advantay 
The study of child life in the tropics can take place on virgin soil. 

It is true that preconceived opinions, which have been based on insufficice::t 
or one-sided medical observations of adults in the tropics, had also been 3) ))- 
plied to the child, but these prejudices did not confuse the pediatrician t 10 
much. The unpediatric and dogmatic character was too obvious. 

Thus the pediatrician in the tropics had to find his way in the labyrinth \r 
forest of Eastern child life. In this pioneer’s work a general view of child Ii «, 
judged by Western standards, had to be obtained in the first place. Howev ’. 


bi 
t] 
he 
th 
ta 
tic 
st 
eh 
80 
ql 
ex 
ch 
an 
ql 
ch 
re 
a 
po 
as 
a1 
tio 
Cor 
re 
thie 
th 
h 


GEOGRAPHICAL PEDIATRICS 377 


the individual examination of sick children of poor and prosperous people 
could not be omitted. 

Though we may be ever so susceptible to the charm which emanates from 
man and nature in the tropics, the pediatrician will after all be more impressed 
by the bad conditions under which the children of so-called primitive peo- 
ples are living. This misery may seem normal to those who are thinking that 
this is a law of nature, sanctified by the centuries. For the modern public 
health officer and pediatrician, however, this child suffering is unacceptable. 

Superficial observation—if not handicapped by prejudice—already shows 
that among the majority of Eastern peoples mortality, especially child mor- 
tality, is high, particularly in the towns, malaria regions and closed communi- 
ties. Cosmopolitan diseases are frequent and serious, while malaria, ankylo- 
stomiasis and yaws separately or together, undermine millions of people from 
childhood onwards. Malnutrition is practically general, chronic and extreme. 

Pregnancy and breast feeding demand too much from nearly all mothers 
so that the foetus and infant already experience the unfavourable conse- 
quences. The backwardness in growth becomes larger and larger, and this 
explains the slender build of adults. 

The pediatrician has to make an analysis of growth and development, 
child feeding and deficiencies, acute and chronic diseases, child mortality 
and causes of death, against the background of (un)social relations. The 
question arises how it is possible that there may be among these Eastern 
children a human trend of life and growth, of games and activities, of family 
relations in hovels without the least elementary comfort. It is not easy to give 
a satisfactory answer to this question according to Western standards. 

What is considered to be hardly a minimum standard of living in pre- and 
post-war Europe and America is a luxury to Eastern standards, particularly 
as regards nutrition. 

Child feeding in tropical countries, which seem so richly blessed by nature, is 
a mockery of the significance given at present to modern conceptions of nutri- 
tion. 

The vicious circle of malnutrition, acute infections and chronic diseases is 
common in childhood, resulting in a dystrophic development with a low 
resistanee against illness. Here Western standards leave us in the lurch. In 
the usual clinical textbooks diseases are not described in the form in which 
they prevail in the tropics, where they develop through malnutrition. 

Those who are not unacquainted with the connection between social and 
ni dical relations in the past and present, especially in child life, will for the 
sike of a general understanding of the child drama in the tropics look for a 
historical parallel in the West. 
in 19th-century Europe there was an infant mortality of twenty to thirty 
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per cent, the summer diarrhoea walked about as a scourge, rickets led io 
mutilations for life, the people daily suffered want, there was not yet any 
question of rational (child) nutrition and the general hygienic conditions, 
especially in the growing industrial towns, beggared description. 

Tuberculosis, syphilis, rheumatism, anemia and infectious diseases had 
free scope. Children hospitals were cemeteries. There was hardly any ques- 
tion of prevention. 

Considering the difference in conditions the same bad social hygienic cir- 
cumstances are now prevailing in the tropics as formerly in Europe, though 
they are not identical. 

Thus the European climate, as is now known, causes rickets and the tropical 
sun is the best prevention against it. Whereas the poorest Western slum child 
was fed on a little milk, the greater part of the tropics is a milk-less community. 
Before vitamin C was known scurvy probably prevailed in the West, whereas 
in the tropics, owing to the consumption of different kinds of paprica, it sel- 
dom occurred. 

The most horrible child suffering in the tropics—entire or partial blindness 
by want of vitamin A—which prevails there in an unprecedented frequency, 
even in so-called prosperous regions, has hardly been heard of in former 
Europe, for reasons which afterwards became understandable. 

This ‘‘nutritional blindness” already casts on present child life in the 
tropics a darker shadow than was ever the case in 19th-century Europe. Each 
child with xerophthalmia is a witness against elementary humane and 
medical principles. In Asia totally or partially blinded (preschool) children 
have to be counted by thousands and thousands. 

The epidemiology of children diseases—measles, whooping cough, diphtheria 
and scarlet fever—seems to be less malignant in the tropics than formerly in 
Europe, though measles may walk about as a scourge under malnourished 
children in the tropics. 

Typhoid is common, also among young children. Bacillary dysentery is a 
greater menace to children than has ever, it seems, been the case in West«rn 
countries. 

Tuberculosis is one of the most oppressive public health problems in »o- 
called underdeveloped—actually underprivileged—countries. 

In spite of some foreign prejudices the mother-child relationship is as ¢! ose 
in the East as anywhere else. Experience has taught that also in the tro; ics 
the development of maternal care is the most important condition for c: ild 
life. 

More differences and similarities can—now that orientating pedia' ric 
research in the tropics has taken place—easily be indicated, though m:ny 
regions are still insufficiently examined. 
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But the many gradual differences do not alter the fact that present pediat- 
ries in the tropics—in other words, the child suffering in the East which 
hitherto has hardly been combated—shows a striking similarity to the pediat- 
rie pattern in 19th-century Europe: high child mortality, many infectious 
diseases, general malnutrition and deficiencies amidst terrible social and 
unhygienic conditions. 

The medical present in the tropics must resemble the medical past in 
Western countries. What seems to be a difference in place, is in reality rather 
a difference in time. It is as if—though with many restrictions—we get the 
opportunity to examine in the tropics, with modern means, what formerly 
in Europe could not be studied at all or insufficiently. 

The confusion in medical thinking concerning place and time can be demon- 
strated more clearly on the basis of generally known diseases. 

Leprosy, cholera and plague, which at present are still called tropical dis- 
eases, because they still prevailin the tropics and have become extinct in Western 
countries, formerly occurred there epidemically. Without any rational fight 
against these scourges, they have gradually disappeared from Europe. With a 
rational fight against them they can more rapidly be swept away from the 
tropics. 

In a stronger measure this holds true for bad pediatric conditions. What a 
short time ago seemed to be a utopian scheme—an infant mortality of two to 
three per cent, good artificial feeding, better growth, eradication of clinical 
deficiencies, and sufficient prophylaxis against infectious diseases—has at 
present been realised also under elementary social conditions in Western 
countries. Child mortality has become an obsolete notion, unworthy of modern 
social pediatrics. 

In the not too distant future a similar development can be followed in 
the tropics. What in Europe and America took place partially in a groping 
way can, equipped with modern insight, be developed consciously and according 
to plan in the tropics. 

On today’s very low social level in the tropics this will hardly be possible. 

sut a small raising of this level—insignificant to Western conception—can 
be sufficient to bring general nutrition on a somewhat higher standard and to 
introduce rational infant feeding, while sanitary conditions would come on 
a less primitive level. 
It is probable that in the second half of the 19th century the same process 
ok place in Europe. Improvement of social hygienic circumstances through 
ieasures which were hardly tangible, were already sufficient to decrease the 
ortality figures at a time when there was not yet any question of rational 
treatment on a large scale and prophylaxis did not yet exist. 

However great the distance from Western standards will remain even 
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after the elementary raising of the social level in the tropics, however muc:: 
even then individual curative care will be wanting, a start will have been 
made with the conscious improvement of the fate of the child in the tropics, 
an improvement which also according to the most elementary human standards 
admits of no delay. 

After the experiences of the war we need not have been in the tropics to 
realise this. 

History has not only seen to it that in the tropics the hygienic conditions 
of a former Europe can again be seen, the Second World War produced a miss 
experiment, which in present Europe showed conditions which were worse 
than ever before. 

Also in war time the difference in place appeared to be rather a difference 
of time: medical development, through force of war, returned at one stroke 
to conditions worse than in the 19th century, though on the other hand some 
modern prophylactic and therapeutic means remained available. In Western 
countries underfed and hungry children were once more to be seen: in tlie 
tropics this is a daily picture, which has nothing to do with war. 

feeding disturbances, more or less of the nature of dysentery, were again 
scourging European countries. The nightmare of intoxication, which is daily 
seen by the pediatrician in the tropics, cast a shadow on the children hos)i- 
tals in Europe during and shortly after the war. 

Nutritional oedema, a hunger syndrome which was hardly known in 
Kurope, was then prevailing epidemically. Special attention has, also after 
the war, been directed to this syndrome. 

The pediatrician in the tropics was struck remarkably by this medic:] 
interest in nutritional oedema, now that Westerns fell a victim to it. For a 
long time he had become familiar with its most extreme forms, nearly every - 
where in the tropics, even in young children. 

This cruel syndrome can hardly be called interesting, for it gives too cle: 
an indication that the groups which fall a victim to it have to feed in a way 
which is no longer human. The shortages must be extreme and protractcd 
before nutritional ‘‘oedema’”’ appears, together with other deficiencies. 

In pre-war Western textbooks the term nutritional oedema was hardly 
mentioned; the chapter “oedema” almost only treated cardiac and renal 
oedema. From this it may be clear how greatly medical thinking was limi':d 
by local circumstances. 

Nutritional oedema was not the only syndrom in the tropicsin which West: 'n 
physicians showed little interest before the war. 

In a textbook of pediatrics a classical description of so-called trop! 
diseases may be found, but the pediatrician, who is orientating himself in | :¢ 
tropics, must experience that cachexia, deficiencies or other forms of mal 
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trition rule child life in interaction with infections. Against this menace the 
child—already enfeebled by malaria, parasitic and skin diseases—can offer 
but little resistance. 

Well-fed native children are not often found in the tropics. On the other 
hand, the children of the prosperous and well-fed Westerns thrive excellently 
with a very low mortality rate. 

It is not so much the heat that causes the misery of children in the tropics, 
but their bad social cireumstances. The insufficient general nutrition, which 
already before birth has an unfavourable influence, constitutes the most 
undermining factor. 

In Western countries such serious problems of undernutrition no longer 
occur. Notwithstanding this the gap between theoretical medical possibilities 
and their application is larger than may be presumed from medical literature, 
which does not yet show a dominating social insight. This discrepancy between 
theory and practice holds particularly true in the underprivileged tropics. 

The child in the tropics is still menaced by malnutrition, deficiencies and 
infections. It is hardly protected against them. 

Medical knowledge, obtained in Western countries, is also called upon 
for application in the East, not on a limited, but on a large scale. 

Planned application will give, in a relatively short period, quite a different 
aspect to the Eastern community and will bring to the child in the tropics a 
state of health comparable to the well-being of the child in Western countries. 

Only when child health in the tropics has reached the Western level will 
comparative pediatrics really be geographical. 


Summary 

The comparison between pediatrics in East and West and in neighbouring 
countries is called geographical pediatrics, in accordance with the term Geo- 
graphical Pathology. Difference in place is actually rather a difference in time. 

Inevitably the study of child life in the tropics is still based on Western 
principles. Medical thinking based on Western as well as on Eastern experience 
would be more fruitful. 

Study of the present child drama in the tropics leads to a historical parallel 
witli the West. 

\Ithough the present condition of child life in Western countries is far 
from optimal, it seems to be an almost utopian situation compared with 
chiid suffering in the East 

Planned application of socio-medical knowledge may raise the state of 
he.'th of the child in the tropics in the not too distant future. 

Only when child health in the tropics has reached the Western level will 
co’ parative pediatrics really be geographical. 
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From the University Children’s Hospital, Helsinki, Finland. 
(Chief: Professor ARVO YLPPO.) 


Mental and Physical Disturbances in Children Recovered from 
Infantile Interstitial Plasma Cell Pneumonia 


by NIILO HALLMAN and ARVO YLPPO 


Interstitial plasma cell pneumonia (int. pneum.) has been encountered in 
the last few years in several places in Continental Europe where premature 
and young infants are treated. For some seven years the disease has had a 
relatively high incidence in Finland too, assuming in some institutions the 
character of an epidemic (AHVENAINEN, SOMERSALO and YLINEN). About 
200 cases have been treated to date at the University Children’s Hospital 
and the “Children’s Castle’. A post-mortem and histopathological examina- 
tion has been made in almost 100 cases. Consequently we already have a 
fairly good idea of this serious disease, its clinical course and pathological 
anatomy. Mortality, which first approximated 80 per cent, has now decreased 
evenly to some 20 per cent in the last few years. This is due in part to the 
greater accuracy of clinical diagnostics, to the increasing therapeutic use of 
oxygen, and possibly to a change in the nature of the disease. 

Although the disease has grown milder as regards the death rate, many 
children recovering from it remain in very poor condition for several months 
and in their physical and mental development fall behind other children in 
the same birth-weight class. These experiences appear to indicate that distur)- 
ances might occur even later in the child’s development. It seemed justifiable 
therefore to conduct a follow-up examination. In this follow-up attention 
has also been attached to certain factors affecting first and foremost tlic 
calcium metabolism. An increase in plasma calcium has often been establish «| 
in the acute phase of int. pneum. (AHVENAINEN and HALLMAN). 


Material and Methods of Investigation 


The material consists of 47 children, 23 girls and 24 boys, treated in 1949-52 
int. pneum. at the University Children’s Hospital and the Children’s Castle. Thi: 
two of them, premature infants hospitalised on account of their prematurity, ap 
rently caught the infection in hospital. Seven of the full term infants, having conti 
ted int. pneum., were sent to the Children’s Hospital from the institution to wh: lh 
they had been admitted owing to the tuberculosis of their mothers. Of the remain: 1 
8 children 3 were admitted because of gastroenteritis, 1 on account of a respirat«'y 
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infection, 2 had congenital pyloric stenosis and 2 were Rh-children who had received 
an exchange transfusion. 

The first phase of the investigation was to send a questionnaire to the children’s 
parents enquiring about their development. It was possible to perform a follow-up 
examination at the Children’s Hospital in 28 of the cases. The material is broken down 
as follows by the birth-year of the children: 


Questionnaires Follow-up 
Year of birth ~ | Replies received | examination Deaths 
performed 
1948 1 0 0 0 
1949 3 3 2 0 
1950 13 11 7 0 
1951 9 9 7 1 
1952 21 21 15 1 
Total 47 tt 31 2 
Percentage of 
total material 93.6 66.0 4.3 


The relative youth of the children did not justify an exact determination of their 
mental level by means of different tests. Observation in the hospital ward was con- 
sidered sufficient for the follow-up examination. It is noteworthy that the opinion 
formed of the children on the day of admission changed in a positive direction once 
the child had grown more familiar with his new surroundings. The blood tests were 
made by normal clinical routine methods (see AHVENAINEN and HALLMAN). The 
age of the bones was determined according to ELGENMARK. 


Mental Development 


Table 1 compares the development of the children with BRANDER’s Finnish 
premature material. The small size of our material precludes statistical 
treatment. This notwithstanding, it becomes clear that in very many cases 
development has been slow compared with premature children of the same 
birth-weight class. The number of children retarded in their development 
is highest among the very smallest premature children; of 14 children only 7 
are tully developed according to investigations made and data provided. All 
in all, 12 out of 30 premature children have lagged behind in their develop- 
men! at least to some extent. Of 12 full term children 2 were likewise poorly 
dev-loped. 

According to several studies about 10 per cent of prematurely born children 
are -onsidered to be mentally handicapped (YLPP6, BRANDER, etc.). According 
to «‘hers (ALM) the number who remain poorly developed at adult age are 
stil! smaller as far as mental faculties are concerned. The difference seems to 
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be a distinct one if compared with children suffering from int. pneum. Their 
development is at any rate retarded considerably more frequently. 

An assessment of the results must take into account the relative youth of 
our material (Table 2); the oldest child was only a little over 5 at the time of 
examination and the youngest less than 2 years of age. It is an acknowledged 
fact that the accomplishments of sitting, walking and talking may come even 
considerably later than is normal and yet the final result may be relatively 
good. There is no need therefore to draw any further conclusions in this 
connection concerning the development of children who have had int. pneum. 


TABLE 2 


Prognosis in relation to age distribution at follow-up study. 


Development status 
Age, Delayed Deaths Unknown Total 
years 
Good 
Slightly Clearly 
3 11 3* 2 0 2 18 

2-3 11 0 4 0 1 16 
2- 6 2° 3 2 0 13 


* Judged after questionnaires. 


The high death rate from int. pneum., probably involving at any rate the 
weakest individuals, must also be kept in mind (AHVENAINEN, SOMERSALO 
and YLINEN). Cases of death obviously include at least most of the brain 
injuries as according to anamnestic data no signs of birth traumata were 
observed in the children of our material after birth. Considering this back- 
ground the prematures among the int. pneum. survivors should have devel- 
oped better than prematures in general. 

‘l'wo of the 12 full term children of our material show retarded development, 
one clearly, the other less obviously. Among full term children it is generally 
only those who for some reason or another are in poor condition that contract 
int. pneum. The full term children of our material have been reported on 
earlier in the present article. In these cases it is more difficult to exclude the 
possible trauma affecting the child prior to contracting int. pneum. Post- 
mortems have in some cases established hydrocephalus and kernicterus. One 
survivor was treated for bilateral subdural haematoma. The case does not, 
however, come under the present material. It is worthy of note that all the 
recoveries who had contracted their disease in a home for the children of 
tu ereulous mothers later developed well. It would be as well to mention also 
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that int. pneum. children after recovery have suffered no more than ordinaril; 
from either respiratory illnesses or other infectious diseases. 

As it may often prove difficult to assess slight backwardness at a ver, 
young age, we consider it reasonable to deal only with cases which show 
distinctly retarded development. 


E. W., girl, born May 20, 1950, birth weight 1620 g. Normal delivery; infant alert. 


05 


At 3 months taken ill with int. pneum. Hospitalised for 6 weeks. Recovery uneventful. 
Illegitimate child, looked after in several different orphanages and sometimes at home. 


Learnt to sit at about 6 months, to walk at approx. 13 months, even now cannot 
utter more than individual words. During the pneumonia one plasma Ca determination 


— 10.2 mg/100 ml; at present Ca and NPN values normal. Weight 12 kg., height 89 em. 


T. T., boy, born October 19, 1950, birth weight 3470 g. Delivery normal; infant 
alert. Admitted to hospital at the age of 1 month with severe diarrhoea in the course 
of which bladder incontinence occurred. At 3 months int. pneum.; recovery slow. 
Discharged at 6 months in relatively good condition but bladder still incontinent. 
Learnt to sit at 12 months, walk at about 2 years and talk at about 4 years. Inconti- 
nence continues. Ca values during illness and also now normal. Weight 14.8 kg, height 
93.5 em. 

A. V., girl, born June 8, 1951, birth weight 1280 g. Delivery normal; at the begin 
ning some difficulty in breathing. Treated at Children’s Castle for 4 year, contracted 
severe int. pneum. at the age of 3} months. Recovered fairly rapidly. Learned to sit 
and speak slowly, able to walk at 2 years 8 months. Squints. During int. pneum. 
plasma Ca was 14.4 mg/100 ml, now 11.4 and NPN 40—60 mg/100 ml. 

R. S., girl, born October 27, 1951, birth weight 2050 g. Delivery normal; infant 


alert. Illegitimate child. Treated at the Children’s Castle for her first year of life, con- 


tracted severe int. pneum. at the age of about 2} months. Recovered slowly. When 
moved at 13 months to an orphanage had not yet learnt to sit, was exceedingly inert 
and weighed only 6.1 kg. Learnt to sit at about 14 months, does not walk or talk yet. 
Squints. During pneumonia the plasma Ca had increased for several weeks, maximum 
value 18.2 mg/100 ml. Ca and NPN normal. Weight 10 kg, height 83 em. 

P. V., boy, born December 26, 1951, birth weight 1600 g. Delivery normal; infant 
alert. Treated for prematurity at the Children’s Castle where taken ill with int. pneum. 
at the age of some 4 months; recovered fairly well. Learnt to sit at about 14 months, 
walk at some 20 months. Learnt to utter a few individual words at about 20 months 
but still speaks poorly. Squints. During pneumonia no Ca determinations but the 
plasma Ca is now 13.8 and NPN 67/100 ml. Weight 9 kg, height 80 cm. 

M.L., girl, born March 9, 1952, birth weight 1920 g. Delivery normal; infant alert. 
Treated at the Children’s Hospital for 5 months, after that at orphanages since sli 
is illegitimate. Contracted int. pneum. at 1} months. Learnt to sit at 12, stand u; 
at 15 months, does not walk or talk yet. Squints. During pneumonia the plasma (2 
increased up to 16.1 mg/100 ml. Now plasma Ca 11.7 and NPN 52 mg/100 ml. Weig!: 
9900 g, height 80 em. 

R. T., boy, born May 2, 1952, birth weight 1700 g. Delivery normal; infant ale: 
Treated at the Children’s Hospital for 5 months. Contracted int. pneum. at about 
months. Recovery somewhat slow. Learnt to sit at 14 months, does not stand u) 
does not talk at all. Facial paresis, squints. During pneumonia plasma Ca had ris‘ 
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for several weeks, maximum value 19.5 mg/100 ml. Now the plasma Ca is 13.3—15.8 
mg/100 ml and NPN 60—70 mg/100 ml. Weight 8600 g, height 75 cm. 


K. M., boy, born June 19, 1952. Mother had nephrogestosis during pregnancy. 
Delivery normal; infant alert. Birth weight 2090 g. Treated at the Children’s Castle 
for 44 months, contracted int. pneum. at about 2} months, recovered slowly. Learnt 
to sit at about 13 months, does not walk, speaks a few words. Vomited frequently all 
his life; squints. During pneumonia plasma Ca increased up to 19.4 mg/100 ml. Now 
Ca 14.7 and NPN 102 mg/100 ml. Weight 8400 g, height 73 em. 

H. S., boy, born June 24, 1952. Delivery normal; infant alert. Birth weight 2300 g. 
Admitted at the age of 2} months to the Children’s Hospital for 4 months contracting 
int. pneum; recovered slowly. Owing to this poor development he has from the age of 
6 months, apart from intervals of some weeks, remained at the Children’s Hospital. 
Does not yet sit properly, stands up supported, does not walk, talks a few words. 
Appetite very poor. Squints. Transient facial paresis at the age of some 12 months. 
During pneumonia plasma Ca increased up to 19.3 mg/100 ml, continues to be 12-——15 
ing/100 ml; NPN has varied from 50 to 85 mg/100 ml. Weight 7400 g, height 75 em. 


Of these distinctly backward children only one is full term (T. T.), as 
mentioned. He had severe diarrhoeal intoxication and when recovering from 
it contracted int. pneum. When the patient had recovered from the condition 
of unconsciousness caused by gastroenteritis his bladder was found to be 
completely incontinent. This was not known previously but the establishment 
of incontinence at that age is difficult and the mother’s judgement in this 
respect cannot be fully relied upon. Transient disturbances of the peripheral 
nerve system have been established previously (YLPPO) after diarrhoeal 
toxicosis conditions and incontinence may be associated with such disorders. 
It is equally possible to attribute the backwardness in development to 
severe gastroenteritis. 

The number of premature children among those badly developed is 8. Three 
of them are illegitimate (E. W., R.S. and M. L). Two have spent their entire 
life in an orphanage and one has shuttled between orphanages and various 
asylums. The individual treatment of the children has consequently not been 
the best possible. This, at least to some extent, has affected their development. 
It is also possible that the inherited properties in these children have not been 
tlle best possible. It must also be taken into consideration that each of these 
three children has suffered from a considerably greater number of various 
infectious diseases than the other children of our material. Furthermore, 
since it is with premature children that we are concerned, it is difficult to say 
what the contribution of int. pneum. as such has been in their development. 

Four premature children constitute a uniform group in many respects. 
‘hey are all boys about 2 years old. Their birth-weights are 1600-2300 g; 
msequently they are not among the smallest ones. Both the mental and 
iiysical development of these children has been very slow following int. 
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Fig. 1. K.M. g 21 months. Osteosclerosis. 


pneum. This cannot be attributed to home conditions as each of the childr 
has a very good home and solicitous parents. All four children squint. During 
the last few months each of them has begun to progress more rapidly. In a 1 
four the blood Ca has increased, ranging from 12.9 to 15.8 mg/100 ml. Non-pre- 
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Fig. 2. K.M. ¢ 21 months. Osteosclerosis. 


tein nitrogen is also high, 60-102 mg in 100 ml of blood. The bones show osteoscle- 
rosis, in some places a loss of calcium (Fig. 2), at others an accumulation of 
calcium as, e.g., at the orbit (Fig. 1). However, in one of these children (R. T.) 
the bones differ in no way from normal. No congenital malformations can be 
established. 

Of the other backward children introduced previously the two oldest 
(!. T. and E. W.) have normal blood calcium and non-protein nitrogen. The 
next oldest has a plasma calcium of 11.4 mg/100 ml and a NPN of 40-60 mg/ 
1) ml. In the fourth (R.S.) the plasma calcium is 11.7 mg per 100 ml and 
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NPN 39 mg per 100 ml and the corresponding figures for the last chili 
(M. L.) are 11.7 and 52. Some of these NPN values are distinctly hig): 
and it is possible that the three youngest children can somehow be associate! 
on the basis of these findings with the previous children in whom calcium ani 
residual nitrogen had clearly increased. We shall revert to the chemistr\ 
of the blood later. 


Growth and Bone Development 


Compared with healthy children the children of our material are with a few 
rare exceptions small in stature. Their weight is correspondingly generally 
subnormal. This is easy to understand if we remember that the majority of 
the children were born prematurely. It is an admitted fact that premature 
children grow more slowly in their first years of life, up to 4-5 years of age, 
than full term children (YLPP6, GLASER et al., and others). It is also well 
known that a serious long-term disease may affect growth. Children recover- 
ing from int. pneum. have remained stationary almost without exception as 
regards weight for weeks, even months, before they begin to develop in this 
respect too. This accounts for the fact that many full term children in our 
material are also backward in growth. On account of the smallness of the 
material we do not find it justifiable to touch upon this question in greater 
detail; let the fact of the matter suffice. 

Fig. 3 compares the bone age of our cases according to ELGENMARK wit}: 
the calendar age by calculating from the ossification points of the body as «i 
whole. The study of ossification points has been said to give the best picture 
of growth (FRANCIS). With a few exceptions the bone age is low for the cal 
endar age. The ratio remains similar for all age classes. The deviation from 
normal is most distinct with the older children. 

It is well known that different factors affect the development of ossification 
points. Among these factors are many infections (STETTNER), nutrition:!| 
deficiency (FRANCIS) and rickets (GOLDBERGER and MELLION, PLAUT, and 
others), to mention a few. Prematurely born children have less ossification 
nuclei than full term children (e.g. YLPPO). It is also held that nuclei appear 
more slowly in a premature child than in full term children (STETTNER’, 
although, to the best of our knowledge, no systematic investigation of tlc 
matter has been conducted. Notable also is the difference in the developme! 
of nuclei in girls and boys; development is clearly in advance with the form 
from the very first years (PRYOR, ELGENMARK). 

The low bone age of patients who have had int. pneum. is accounted f 
at least in part by the fact that we are dealing in the main with prematu” 
children. Follow-up studies have succeeded in determining the bone age f 
only one full term child. Other full term children have been reported to enj: v 
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Fig. 3. Age of children recovered from interstitial plasma cell pneumonia compared with the 
bone age calculated after ELGENMARK. 


© Mental retardation. Plasma Ca high. 


such good health in every respect that a follow-up study has been considered 
superfluous. Fig. 3 reveals that the children backward in their mental devel- 
opment, in whom disturbances in calcium metabolism can still be established, 
reveal clearly retarded bone development. On the other hand, two of the 
other backward cases are at a fully normal level in their development. There 
was no indication of rickets in a single case. 

Fig. 4 compares bone age with the height of the children. A distinct correla- 
tion between these two values has been established earlier. As the development 
of nuclei is not identical in girls and boys the comparison concerns boys. 
The results for girls are fully identical. We see that bone age compares with 
the height in all cases clearly within normal limits. This also applies to men- 
‘lly retarded children and even to children in whose bones, as previously 
‘nentioned, osteosclerotic changes were ascertainable. 

It is difficult to decide from the above whether the slow development of 

one nuclei in children who have suffered from int. pneum. is attributable 
-olely to the retarded height growth caused by prematurity or whether the 
isease also has some bearing on the matter. The fact that bone age is behind 
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NUMBER OF 

OSSIFIC CENTRE 
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Fig. 4. Number of ossific centres in boys of different heights after ELGENMARK. 
Pneumonia interstitialis plasmacellularis. 


© Mentally underdeveloped. Plasma Ca elevated. 
>» normal. 
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calendar age even when the child is approaching his 4th-5th year (Fig. 3)— 


by which time premature children should have caught up in growth with full 
term children—is indicative of the possible effect of int. pneum. 


Chemistry of the Blood 


We have already mentioned, in reporting on distinctly backward children. 
that in four of these cases both the plasma calcium and residual nitrogen 
were distinctly high. In two more cases, also backward, the calcium wa: 
slightly above normal and in two of them the NPN also has increased. 
In all the other 25 cases followed up the figures were normal. The inorgani: 
phosphorus of plasma was 2.8-8.7 mg/100 ml, the highest values bein; 
registered in cases where the calcium too was high. Alkaline phosphatas: 
varied from 6.2 to 15.3 Bodansky units, in the main within normal limits. 
We do not consider it necessary in this connection to undertake a more at 
curate analysis of the blood chemisty. A more detailed report will be pub- 
lished in the near future. 
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It is known from earlier investigations that plasma calcium is often high 
in the acute phase of int. pneum. Table 3 contains the cases of our material 
in which calcium determinations were performed in the acute phase of the 
disease. However, it must be pointed out that the determinations were in- 
sufficient in number in all of the cases to warrant a definite claim that the 
plasma calcium was normal throughout in some int. pneum. cases. In all, 
however, the calcium has not been very high in the cases where the values 
were low upon re-examination. 


TABLE 3 


Plasma calcium during acute stage of int. pneum. and later mental development. 


Plasma calcium Mental development 
mg/100 ml 
“int. pnewm, | 004 
< 12.0 5 l 1 
15.0 4 2 1 
1870 4 0 0 
> 18.0 3 1 4 (3) 


(): Plasma calcium continuously high. 


Table 3 shows that children clearly backward in their mental development 
have been, with a single exception, patients in whom the plasma calcium has 
been exceedingly high in the acute stage of the disease. This exception is a 
previously described case, a full term child (T. T.) who had suffered from 
extremely severe gastroenteritis before contracting int. pneum. It is probable 
then that int. pneum. is not the reason for poor development in this case. 
Of the eight children with over 18 mg/100 ml plasma calcium one can be 
classified as slightly and four as clearly backward children. Of the latter, 
three show further distinct changes in the blood chemistry and two moreover 
steosclerotic bone changes. 
[t does seem from the above that we can claim the later development 
cases of int. pneum. children to be more doubtful the higher the plasma 
icium at the acute stage. This serves first and foremost as a symbol of the 

‘anges in the chemistry of the organism encountered in int. pneum. However, 
must also be pointed out that the limits drawn between various plasma 
‘cium levels in Table 3 are entirely arbitrary. 
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Comment 


Our results show that the development of children who have had int. pneum. 
and recovered from it has been relatively often slow in the next few years. This 
despite the fact that we take into consideration that the children in question 
were chiefly born prematurely. It is worthy of note that the retardation of 
development has obviously been most infrequent and slightest with the child- 
dren whose general condition was best when they contracted int. pneum. 
These are the healthy children of tuberculous mothers who were treated 
immediately upon birth in a special institute. It is possible that backward 
children have had encephalitis in connection with int. pneum. as described 
by VOLLBRANDT from one post-mortem and one recovered case. Recovery 
from encephalitis may, as is well known, be very slow. 

In addition to mental development, growth in height and the development 
of ossification centres may also have been slow. The last of these may be at- 
tributable perhaps to a great extent to prematurity. 

In a special group of their own among the backward children reviewed 
are the four in whom both plasma calcium and non-protein nitrogen have 
continued to rise even two years after the int. pneum. These three children 
showed osteosclerotic changes. 

The etiology of the increase in plasma calcium and NPN in int. pneum. 
(AHVENAINEN and HALLMAN) is so far unknown. An attempt has been 
made to attribute it to an over-dosage of D vitamin (GLEISS) but, among 
other things, the fact that the plasma calcium of children in the same 
ward given the same intramuscular D prophylaxis is normal speaks against 
this assumption. We shall return to this question in another connection. It 
must be admitted that the bone changes of the post -int. pneum. conditions 
described by us greatly resemble for instance the changes ascertainable in |) 
hypervitaminosis (FANCONI and CHASTONEY). 

Idiopathic hypercaleaemia described by LIGHTWOOD and PAYNE resembles 
in some respects the hypercalcaemia established in int. pneum. This is, how 
ever, a benign rise in the blood calcium which is cured in a couple of month-. 

The four cases described by us in which the calcium values remain hig): 
can be correlated in some respects with the ‘‘chronische Hypercalcdimie kon - 
biniert mit Osteosklerose, Hyperazotamie und Minderwuchs” described 
FANCONI and GIRARDET, and SCHLESINGER, BUTLER and BLACK. The fourt 1 
definition, congenital malformations, is however lacking in our cases. Tlic 
fact that chronic hypercaleaemia has obviously continued after recove: 
from int. pneum. and that there are plenty of other cases in which the calciu'1 
falls, indicates that the etiology of idiopathic hypercaleaemia and chror © 
hyperealeaemia may be identical. We may be concerned in FANCONI’s a) 1 
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SCHLESINGER’s cases with a possible intrauterine infection which at the same 
(ime caused the congenital malformations established. How the infection 
affects the issue and what infection or infections may come into question is 
totally unsolved. 

We shall revert to the calcium question of the acute phase of int. pneum. 
and also to post-int. pneum. conditions in another connection. 


Summary 


The development has been observed of the first years of life of 47 interstitial 
plasma cell pneumonia infants born in 1948-52. A reply was received to the 
questionnaire sent out in 42 of the cases and a follow-up examination was 
made at the hospital in 31. Two of the children died. 

In quite a number of cases the development of the child has been slow 
even compared with other children of the same birth-weight class. At the 
time of the investigation 9 of the children were distinctly backward and 5 
slightly backward. It proved possible to examine the former group clinically. 
The growth of the children has been slow. The bone age is almost regularly 
behind that of children of the same age, but the correlation with height 
approximates the normal. 

For 25 cases of the material the plasma calcium was determined during 
the acute phase of int. pneum. and had clearly risen in 20. Of the distinctly 
backward children the majority belong to the group with the highest calcium 
values. However, some of the children with equally high plasma calcium 
values developed fully satisfactorily. 

In four children who are all distinctly backward both the plasma calcium 
and residual nitrogen continue to be high. The bone age in these children is ex- 
ceedingly low though corresponding approximately to the growth in height. 
In three of the children osteosclerotic changes can be established in the bones. 
All four children squint. They are all around 2 years of age and have begun 
to progress, especially recently. 

Follow-up examinations indicate that interstitial plasma cell pneumonia seems 
to be able to leave behind long-term, possibly permanent, disorders in the central 
vervous system, in general physical development and perhaps also in calcium 
ctabolism. 
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Studies of Respiratory Physiology in the Newborn Infant 
II. Observations during and after Respiratory Distress! 


by PETTER KARLBERG?, CHARLES D. COOK, DONOUGH O’BRIENS, 
RUTH B. CHERRY and CLEMENT A. SMITH 


An invitation to participate in this publication honoring Professor 
WALLGREN confers no small distinction on any American pediatrician. 
It also imposes a high standard of scientific scholarship upon those so 
invited. The Harvard group working with newborn infants are more 
hopeful of meeting that standard because of the recent presence of one 
of Dr. WALLGREN’S own staff in our laboratory, a happy circumstance 
which has considerably increased the information we can contribute to 
this publication. Although we are submitting only a preliminary report 
of studies now in progress, the opportunity of presenting the data here 
was too tempting to be resisted by this international team of admirers 
of Professor WALLGREN. C.A.S. 


The data reported in this paper are the results of the application of newer 
physiologic techniques to infants showing disturbed respiration at or soon 
after birth. The purpose was to provide more accurate information than 
previously available concerning the pathophysiology of the frequently fatal 
respiratory distress commonly seen in the newborn. The basic data consisted 
of minute volume, rate and tidal volume; in three infants, these observations 
were combined with the determination of CO, production and blood pH and 
CO,, making it possible to calculate alveolar ventilation and functional dead 
space. Additional information concerning the effort of breathing has been 
obtained by measurement of intraesophageal pressure changes. These results 
are compared with those from a series of normal newborn infants similarly 
studied and reported elsewhere (3). 


' One of a series of studies supported by a research grant from the Association for the Aid 
0: Crippled Children, New York City. 
Work done under Rockefeller Fellowship; present address—Karolinska Sjukhuset, Stock- 
’ Work done under Grocers’ Company Research Scholarship, and Research Fellowship 
from the Lederle Company; present address—Hospital for Sick Children, Great Ormond 


treet, London. 


A 

t 

) 

| 


398 P. KARLBERG et al. 


Fig. 1. Diagram of apparatus used for respiratory studies. a, pneumatic cuff; b, plastic face 
mask sealed to cuff; ¢, syringe and pump used for calibration of volume recorder; d, plastic 


bag for collecting gas containing expired air; e, Krogh spirometer with writing pen; f, kymo 
graph; g, electric timer; h and 7, photoelectric volume recorder. 


Material 

The respiration of 20 newborn infants presenting the history, physical 
and roentgenological findings associated with the syndrome variously called 
“resorption atelectasis’, “congestive pulmonary failure’, or “hyaline mem- 
brane disease” (14) was studied with one or more physiologic techniques. 
Since most of the infants survived, an exact morphological diagnosis was not 
available in the majority and hence the broad term “respiratory distress”’ is 
used to describe the entire group. In the five infants who did not survive, 
the primary pathology was considered to be resorption atelectasis with hyaline 
membrane in four (Infants Nos. 34, P-3, P-10, P-11) and atelectasis and focal! 
hemorrhage in one (Infant No. 43). Pathological findings of bronchopneu- 
monia in Infants Nos. 34 and P-11 were considered terminal changes. 

The infants ranged in age from 3 hours to 3 days at the time of the initia! 
observation and all were cyanotic, at least in air, and considered moderate]; 
to seriously ill. The degree of dyspnea, retraction and cyanosis is indicate: 
in Tables 1 and 3. Serial studies in ten infants furnished information concern 
ing the pattern of recovery. 


Methods and Calculations 


The details of the techniques are reported elsewhere (3). The minute volume (V : 


rate (f), and tidal volume (V7) were obtained by using a body plethysmograph aid 
1 Throughout this paper the symbols employed to denote respiratory variables are thee 
suggested in 1950 for purposes of standardization by a group of clinical and research respirato'y 


physiologists headed by J. R. PAPPENHEIMER (13). 
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photoelectric volume recorder largely assembled by Dr. FRANK HytTTEN, according 
to the description of Cross (4). A diagram of the apparatus is shown in Figure 1. 
The CO, production (Vco,) was obtained by collection of the expired air (Vg) and 
analysis of this mixture and of the inspired air for CO, on a Scholander 0.5 ee. gas 
analyzer (15). Blood pH and CO, were measured on skin prick samples of ‘‘arterialized”’ 
capillary blood (10), by a pH meter equipped with a glass micro-electrode and by 
the Scholander micro-gasometric technique respectively (16). The partial pressure 
of CO, in the arterial blood (P,,. ) was calculated from the Henderson-Hasselbalch 
equation. 

Alveolar ventilation (Va) and functional dead space (Vp) were calculated from these 
data by using the standard respiratory equations (13): 


Veo, 
Va= Pago, 
47 
where Paco, is assumed equal to Paco, 
and Vp =——— 
J Aco, = partial pressure of CO, in alveolar gas in mm Hg. 
Paco, = partial pressure of CO, in arterial blood in mm Hg. 
Pz =atmospheric pressure in mm Hg. 
47 =partial pressure of water vapor in alveolar gas in mm Ig. 


\lveolar ventilation has a physiologic connotation as it is related to factors deter- 
mining the rate of excretion of CO, by the lungs. Therefore the functional dead space 
also has a physiologic rather than an anatomic meaning since it represents the dif- 
ference between tidal volume and the volume of tidal alveolar ventilation. 

Intraesophageal pressure changes were measured with a 1 mm diameter polyethylene 
tube with multiple distal openings. This was passed through the mouth or nose ap- 
proximately 10cm into the esophagus and connected to an electric manometer and 
recording device (2, 8, 11). 


Results 


"he results of these studies are presented in Tables 1, 2, and 3 and charted 
tovether with similar data for normal infants (1, 3, 4, 5) in Figures 2 to 8. 
Mnute volume, rate, and tidal volume were measured in 13 of the 20 infants 
With respiratory distress (Table 1). In all 13 infants the minute volumes were 
¢'-vated above the average expected values for normal infants of the same 
“ight (see Figure 2). This elevation in minute volume was primarily the 
sult of an elevated respiratory rate, as the tidal volume was reduced in one 
«.se and within normal limits in the others. Furthermore, in the 10 infants 
siudied more than once, the decrease in minute volume toward normal during 
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Minute volume, respiratory rate and tidal volume of 13 infants with respirator. 
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TABLE 1 


distress. 
(All volumes are BTPS.) 


Physical signs In air In high O, ¢ 
In- Birth 
fant |weight Age Re- | Cyan- 
No. kg trac- | osis | min.* f min.* f 
pnea| |. ee. ce. ce 
tion | 1n alr 
3 1.90 | 6 hr 10.0 1638 1 13.0] 13 
33 hr. 5.0 585 | 44 | 13 7.0 | 652] 50 | 13 
3 a. 5.0 56 | 14 
7d. 4.0 547 | 55 10 
15 2.29 4 hr. 1.5 897 | 88 | 10 9.0 | 1040] 87 | 12 
8 hr. 5.0 723 | 82 9 3.0 | 1022 ]100 | 10 
Pua. 10.5 521 | 51 | 10 
16 2.08 |36 hr. 5.0 808 | 56] 14 i) 934] 43 | 22 
3d. + 3.0 304 | 37 8 2.0 | 638] 54 | 12 
4d = 1.5 509 | 53 | 10 3.5 550] 52 | 11 
22 3.38 |24 hr. 1.5 1310 | 69 | 19 5.0 | 1578| 89 | 18 
2 d. 3.0 | 1655] 94 | 18 
3d. + + 6.5 | 1185 | 78 | 15 5.0 | 1175} 83 | 14 
4d 7.5 671 | 50 | 13 8.5 944) 74 | 13 
5 d. 19.0 922 | 66] 14 5.0 | 1050] 84 | 13 
6 d. = 4.0 830 | 62 | 13 
27 3.06 2a. = 3.5 923 | 81 11 3.0 | 1078] 77 | 14 
3d. = 7.5 662 | 63 | 11 
6 d. = = 1.5 648 | 39 | 17 
33 1.58 |19 hr. + 4.0 3857] 68 6 5.0 468 | 92 5 
3 d. = 16.0 288 | 27 11 8.0 352 | 47 7 
34 1.81 9 hr. + + + 20.5 908} 79 | 12 
43 3.29 3 hr. + 1.5 | 1311] 56 | 23 
49 3.68 | 23 hr. 2.0 794 | 60 | 13 4.0 824] 56 | 15 
50 5.15 7 hr. + + 8.5 1030 | 68 | 15 3.0 | 1062} 75 | 14 
§ 3lhr 3.0 | 1160 |100 | 12 2.5 | 1535 }106 | 14 
4d = 6.0 955 | 55 | 17 3.0 940|] 54 | 17 
53 2.51 2d. + + 8.0 703 | 56 | 13 
3d. _ + + 3.0 | 541] 44 | 1: 
5 d. 4:5). S41) 29°] 12 
13d = = 3.0 378 | 24 | 16 2.5 | 466) 26] 1 
77 2.76 | Shr] + + + 4.0 | 822] 68 | I: 
6d - _ - 3.5 563 | 39 | 14 
85 2.50 hr.|] ++ + 4.5 | 1083] 60 | 1 
9 d. = 4.0 454] 31] 1 
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VENTILATION IN NEWBORN INFANTS 
NORMAL INFANTS + 


indir x 
RESPIRATORY DISTRESS 0, 

cc MINUTE VOLUME (V) RATE/MIN. (f) cc TIDAL VOLUME (V,) 
(BTPS) 7 (BTPs) 

J | x 

x 

20 
s+ 

2 4 | 3 4 | 2 | 4 5SKG 


BODY WEIGHT 


Fig. 2. Minute volume, rate and tidal volume of normal infants and 13 with respiratory 

distress. The minute volumes of eight infants studied both in air and increased O, are con- 

nected by a line. The normal data represent the authors’ unpublished values (3), data from 
Cross (4, 5) and from BouTERLINE-YounG (1). Volumes are BTPS. 


¢linical improvement was accomplished primarily by a reduction in respira- 
tory rate. 

In eight infants studied in air the elevation of minute volume above the 
expected average ranged from 15 to 150 per cent. It was of interest that when 
these eight infants were given high O, concentrations (usually approximately 
60 per cent) to breathe, their minute volumes were increased still further. 
This additional elevation seen in high O, was, in six of the eight infants, 
related primarily to an increase in tidal volume. 

The respiratory distress of the five other infants (Infants Nos. 34, 43, 53, 
77, 85) was so severe that their initial studies could be made only in high Og. 
In these infants the minute volume ranged from 60 to 175 per cent above 
that expected for normal infants of the same size breathing air. 

The production of CO, by five of the 13 infants was measured in addition 
to the basic minute volume, rate, and tidal volume determinations (Table 2). 


BTPS -— body temperature, pressure, saturated with water vapor. 
V — minute volume. 

f — respiratory rate per minnte. 

Vy —- tidal volume. 

_ — number of resting minutes averaged. 

+ — unstable in air; minute volume decreasing. 


— high O,~= approximately 60 % except for infants Nos. 15 and 43, who were 
given 80—90 %. 
in infant No. 50, measurements made during most severe dyspnea, at 31 hr., 


used in text and figures. 
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CO, PRODUCTION (Veo ) 


(STPD) 
CC./MIN. 
X_- RESP. DISTRESS 
NORMAL 
x 
5 
e 
e *? 
e e 
x 
= 
10 
5 1 2 3 4 > KG. 
= BIRTH WEIGHT 
S Fig. 3. CO, production of 5 infants with respiratory distress and 19 normal controls. Volumes 
are STPD. 


NO. 53 RESPIRATORY DISTRESS 


(B. Wt.*2.51 Kg.) 

x. 
sof 

RESP RATE “°F 

(PER 
x f 

cc 


MIN. VOLUME 509° 


ALVEOLAR 
VENTILATION 
- 200 
v 
TIDAL VOLUME is 
or 
100 
TIDAL VOLUME *° a 
AGE (DAYS) 2 “4 5 6 8 9 10 12 3 


g. 4. Rate, minute volume, alveolar ventilation, tidal volume and the ratio of functional 
ad space to tidal volume in Infant No. 53 during respiratory distress and upon recovery. 
Volumes are BTPS. 
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NO.77 RESPIRATORY DISTRESS 
(B Wt =2.76Kg) 


70 x 
RESP RATE «oh 
(PER MIN) 
40F x f 
cc 
900 
e 
MIN VOLUME 700}- 
(BTPS) 600F 
400F 
ALVEOLAR yooh 
VENTILATION 
(eT PS) 
200 
20 
TIDAL VOLUME 15 
(BTPS) fe} 
or 


SYMPTOMS 


100 

DEAD SPACE, 
TIDAL VOLUME il 
0, 
Vr 


Fig. 5. Rate, minute volume, alveolar ventilation, tidal volume and the ratio of functional 
dead space to tidal volume of Infant No. 77 during respiratory distress and upon recover) 
Volumes are BTPS. 


The results of these studies and comparable data for normal infants are shown 
in Figure 3, and it is apparent that CO, production by the sick infants was 
within normal limits. In three of these infants, the additional measurement 
of blood pH and CO, during respiratory distress and upon recovery allowed 
-aleulation of the alveolar ventilation and functional dead space values listed 
in Table 2. The results are shown graphically in Figures 4, 5, and 6, and the 
clinical histories of these infants given in an appendix. The alveolar ventila 
tion and functional dead space of these three infants during respirator) 
distress are indicated by the crosses in Figure 7, in which the dots represen’ 
normal infants (3). Respiratory distress was marked by functional dea 
space above or on the upper limit of normal, with decrease during recovery 
The ratio of dead space to tidal volume fell from an average of 0.66 initial! 
to 0.37 on recovery. This latter figure is of the same order of magnitude « 
the average ratio of 0.32 for 16 normal controls (3). While the minute volum 
decreased during recovery in each instance, the alveolar ventilation increase 
in one, decreased in another and remained essentially unchanged in the thir 


di 


NEWBORN INFANTS WITH RESPIRATORY DISTRESS 405 


NO. 85 RESPIRATORY DISTRESS 
(B Wt +2 50Kg) 


60 x. 
RESP RATE °° 
(PER MIN) 
sok nf 
ce 
4200 
MIN VOLUME 80° 
(BTPS) 7OOF- 
600F 
@v 
ALVEOLAR 
VENTILATION 20°F @------ : 
20 
TIOA fe) 
(OAL VOLUME ish 
O vy 


SYMPTOMS ff 


AGE (DAYS) ° ' 2 3 4 5 6 


DEAD SPACE, 
TIDAL VOLUME 
Vo 
9 
Fig. 6. Rate, minute volume, alveolar ventilation, tidal volume and the ratio of functional 


dead space to tidal volume of infant No. 85 during respiratory distress and upon recovery. 
Volumes are BTPS. 


ALVEOLAR VENTILATION (V,) FUNCTIONAL DEAD SPACE (V,) 
(BTPS) cc (BTPS) 
14 
xX RESP DISTRESS 12 
@ NORMAL 
CC /MIN 10k 
600 e 
x 
e - © 
§ e e & 
300+ ee x 
1 2 3 4 5 KG ' 2 3 4 5 KG. 


BIRTH WEIGHT 


‘ventilation and functional dead space of 3 infants during respiratory distress 


‘ig. 7. Alveolar 
compared with 16 normal controls. Volumes are BTPS. 


'n all cases, both during respiratory distress and on recovery, the alveolar 
-cntilation was within the normal range, although at the time of the initial 
‘termination it was near the lower normal limits (Figure 7). 
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INTRAESOPHAGEAL PRESSURE DIFFERENCES 


CM. H,0 
25 x 
L RESP DISTRESS X 
NORMAL @ 
x 
x 
x 
x 
x 
_ AVERAGE 
g FOR NORMALS 
ee e%e 
f 6 
3 4 5 KG 


BIRTH WEIGHT 


Fig. 8. Intraesophageal pressure differences during respiration: seven infants with respiratory 
distress compared to 10 normal controls. 


Fig. 9. Chest roentgenograms on Infant No. 77 at 8 hours of age during respiratory distress 
and during recovery on the 4th day showing initially extreme hypoaeration with ground 


glass appearance consistent with “congestive pulmonary failure’ and finally an essentiall) 


normal chest X-ray. 


Thus far the results described have concerned the volume events of respi 
ration. By contrast, intraesophageal pressure measurements provide infor 
mation as to the relative work of respiration. Such pressure differences hav 
been shown to be closely correlated with intrapleural pressure changes (2, 8) 
They were determined in seven additional infants with respiratory distres 
clinically similar to that of the other 13 infants (see Table 3). The results a1 
presented in Figure 8 along with determinations for normal infants. Th 
ventilation of the sick infants in this small series required exertion of two tv 


five times normal pressure per breath. 
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TABLE 3 


Intraesophageal pressure differences in 7 additional infants with respiratory distress. 


| Physical signs 

| Infant A 1.E.P.* 
} weight Age f 

No. Retrac- | Cyanosis em H,O 
| g ysp tion in air 

| P-2 2.10 19 hr. + 4 + 4 86 9.2 
P-3 1.45 39 hr. ++ 4 + + 4 + 4 24.5 

| P-10 3.06 5 hr. ++ 4 60 13.5 

| P-11 3.46 8 hr. +++ + +4 + + 126 14.1 

| P-15 2.70 3\a. 51 16.2 

| P-18 1.62 8 hr. 9.8 

| P-22 2.33 8 hr. + + Pe + 93 12.9 


* AI.E.P. = average differences between intraesophageal pressures of inspiration and 


expiration, in em H,O. 


Discussion 


The present data represent the first reported attempt to quantitate the 
volume events of respiration and effective ventilation in newborn infants 
with respiratory distress. They show that such infants have an approximately 
normal tidal volume, but a definitely increased respiratory rate and thus an 
increased minute volume. It would therefore appear that in these infants the 
neuromuscular components of respiration were able to function at greater 
than normal levels of activity. 

In spite of increased functional dead space, indicating that a large part of 
each respiration was wasted in areas where little or no exchange of CO, or 
Q, occur, the infants were able to increase minute volume enough to maintain 
normal alveolar ventilation and thus allow normal O, consumption and CO, 
production. The fundamental cause or causes for the increase in functional 
dead space are yet to be clearly defined but this abnormal finding may be 
related to (i) failure of ventilation of the alveoli such as might occur in ate- 
lectasis or emphysema, (ii) failure of gas exchange due to changes in the 
diffusion capacity of alveolar membranes, or (iii) failure of perfusion of the 
alveoli with blood. From the pathological descriptions of lungs in the syn- 
drome of neonatal respiratory distress, it seems likely that all of these fac- 
tors may be important. 

The fact that the already increased minute volume of such infants showed 
i still further rise when O, was added to the inspired air seems important 
from the therapeutic point of view. High O, concentrations were particularly 
«fective because the minute volume increase was accomplished primarily by 
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an increase in tidal volume rather than rate. This finding was unexpected but 
not altogether surprising since it was observed that the pattern of respiration 
of such infants became less regular and more poorly integrated when the 
inspired air was changed from high to normal O, concentrations. In fact, in 
a number of instances it was not possible to study infants adequately in air 
because respiration first became irregular upon removal of the extra O, and 
then obviously began to fail entirely. 

Thus the data provide evidence that high O, concentrations not only facili- 
tate the diffusion of O, across the alveolar membrane but also improve 
ventilation itself. It seems probable that a certain minimal level of O, in 
the blood and tissues is necessary for proper functioning of the respiratory 
center, and perhaps the muscles as well, but the possible relationship between 
this response of infants with respiratory distress to high O, and the similar 
response of normal infants reported by Cross (6, 7) and GRAHAM (9) can now 
be only a matter for speculation. 

Another approach to the problem of respiratory distress in the newborn 
has been through a study of the work of respiration. Since work has been 
shown to be directly related to pressure exerted and to minute volume (12), 
a knowledge of intrapleural pressure changes provides information concerning 
necessary energy expenditure. Intraesophageal pressures are closely correlated 
with intrapleural pressures (2, 8) and hence the data from the seven infants 
with respiratory distress indicate that the breathing of such infants may 
well require two to five times the normal pressure gradient. If pressure 
differences of this magnitude may be applied to the data from the other 
infants with similar respiratory distress in whom minute volume averaged 
approximately twice normal, it would suggest that such infants may be 
exerting four to ten times the normal amount of energy per minute in the 
work of respiration. Such increases in work may account for the fact that 
newborn infants with respiratory distress apparently often die primarily of 
exhaustion with anoxia being only a terminal event. The increased energ\ 


requirements may also be one reason why premature infants with their lower 


metabolic reserve have greater difficulty with respiratory distress than ful! 
term infants. 

The apparent discrepancy between the increased work imposed by respirs 
tory distress and the relatively normal CO, production and O, consumptio: 
found in these infants is probably explained by the fact that the energ 
expended in respiration is only a small part of the total metabolism. Thu-, 
although increased work of respiration might lead to exhaustion over a peri! 
of hours or days, the CO, production and O, consumption per minute wou! | 
not be measurably altered. 

The importance of considering both volume events and work of respiratic | 
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is indicated by the finding of a normal tidal volume in infants with respiratory 
distress. From the point of view of volume considerations alone an increase 
in tidal volume rather than rate for maintenance of alveolar ventilation in 
the face of an increased functional dead space would be most efficient. How- 
ever, if the elastic resistance of the lung were significantly increased, an in- 
crease in rate rather than tidal volume would be more efficient from the 
point of view of energy expenditure (12). Thus such a change in elastic 
resistance could explain the normal tidal volumes in these infants. 

McILRoy has calculated the relative contribution of elastic and viscous 
factors to the work of respiration in normal newborn infants from data ob- 
tained by simultaneous measurements of tidal volume and pressure changes 
(11). Obviously this type of observation needs to be extended to infants with 
respiratory distress in order to quantitate changes in elastic and viscous re- 
sistance. 

Although the techniques presented should provide the essential background 
for rational therapy and its critical evaluation, further studies of the work 
of respiration in newborn infants with respiratory distress, vital capacity, 
residual lung volumes and O, and CO, diffusion coefficients are necessary for 
a complete understanding of the pathophysiology of respiration in these 
infants. 


Summary and Conclusions 


The minute volume, rate and tidal volume of respiration have been meas- 
ured in 13 newborn infants with respiratory distress and cyanosis clinically 
diagnosed as resulting from ‘‘the hyaline membrane syndrome” or “congestive 
pulmonary failure’. The results are compared to similar measurements from 
normal newborns. The data also include the CO, production of five of the 
infants with respiratory distress, and the calculated alveolar ventilation and 
functional dead space of three during respiratory distress and upon recovery. 
The measurement of esophageal pressures during respiration has been carried 
out in seven clinically similar infants. 

The results indicate that this common syndrome of newborn infants is 
apparently characterized by the following physiological findings: 


(1) An increased minute volume resulting from an increased respiratory 


A normal tidal volume. 


) 
» (3) An approximately normal CO, production. 
) 


An alveolar ventilation within normal limits. 
5) An elevated functional dead space to tidal volume ratio during respi- 
tory distress, which becomes normal upon recovery. 
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(6) Increased intraesophageal pressure differences during respiration which 
indicate, when combined with the minute volume increases, that such infants 
expend four to ten times the energy normally required for the work of res- 


piration. 

High concentrations of atmospheric oxygen were found to increase the 
already elevated minute volumes of eight infants in respiratory distress, 
usually with expansion of tidal volumes. 

The clinical histories of the three infants studied in most detail are pre- 


sented. 


The technical assistance of Dr. BRIAN McNICHOLL, and the assistance and co-opera- 
tion of Miss E. PETERSON and Miss M. Foae in the nursing care of these infants are 


gratefully acknowledged. 
Appendix 


Infant No. 53 (Fig. 4) was a 2.51 kg male born at 36 weeks gestational age by 
Cesarean section because of partial placenta previa. A gas-oxygen-ether mixture and 
dilaudid were used for anesthesia and analgesia. The infant showed: dyspnea and 
marked sternal retraction, severe cyanosis in air, a decrease in breath sounds and 
fine, sticky rales immediately after birth. These symptoms increased until the age of 
48 hours, when the onset of gradual improvement was noted. The infant was considered 
normal clinically on the seventh or eighth day of life. Respiratory studies were carried 
out at ages 50 hours, 3 days, 5 days and 13 days. X-rays taken on the third day showed 
a hazy density throughout both lung fields which cleared in subsequent films. 

Infant No. 77 (Fig. 5) was a 2.76 kg female born at 38 weeks gestational age by 
routine repeat Cesarean section under spinal anesthesia. The infant showed progressive 
dyspnea, retraction, cyanosis in air, dullness and decreased breath sounds from 
birth until general improvement was noted on the third day. The child was clinically 
well on the sixth day of life. Respiratory observations were carried out at five hours 
of age and again on the sixth day. X-rays (Fig. 9) showed a change from a picture 
of extreme hypoaeration with ground glass appearance consistent with congestive 
pulmonary failure to that of a normal chest roentgenogram. 

Infant No. 85 (Fig. 6) was a 2.5 kg full-term male born by routine repeat Cesarean 
section done under spinal anesthesia and dilaudid analgesia. From birth the infant 
showed progressive severe dyspnea, marked retraction, cyanosis in air, dullness and 
a decrease in breath sounds. At two days of age, improvement began and the infant 
was considered well on the fifth or sixth day of life. Roentgenograms showed a diffu 
fine granular increase in density during the period of respiratory distress, with subse- 


quent clearing. 
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Aus der Universitats-Kinderklinik Freiburg i. Br. 
(Direktor: Prof. Dr. W. KELLER.) 


Uber eine akute Enteritis des Siuglings 
mit gleichzeitigen encephalitischen Erscheinungen 
(Encephalo-enteritis acuta) 


von W. KELLER 


In der zweiten Halfte des Winters 1953/54 hatten wir wahrend des Ablaufs 
einer im allgemeinen leichten Grippeepidemie Gelegenheit, unter zahlreichen 
komplikationslos verlaufenen Sauglingsgrippen eine kleinere Zahl von Krank- 
heitsfallen bei durchweg Alteren Saéuglingen zu beobachten, die in mancher 
Hinsicht aus dem Rahmen des bisher Bekannten herausfielen. Da sie auch ein 
gewisses Interesse fiir die Frage der akuten Durchfallserkrankungen des Siug- 
lings ganz allgemein beanspruchen k6énnen, sei das Krankheitsbild im Fol- 
genden kurz beschrieben. Die Falle traten ziemlich gedrangt in einem Zeit- 
abschnitt von etwa 2 Monaten auf und erweckten schon dadurch den Ein- 
druck einer gewissen Zusammengehorigkeit. Eine solehe Koinzidenz kann 
naturgemiass auch zufallsbedingt sein, ebenso wie das Auftreten innerhalb 
der Grippeepidemie und man wird nicht allzu weitgehende Schlisse daraus 
ziehen dirfen. Fiir spitere Beobachtungen erscheint es uns aber doch ecr- 
wihnenswert. Ohne in diesem Bericht auf vielleicht mégliche Zusammen- 
hange mit friiheren 4hnlichen Beobachtungen naéher einzugehen, sei im Fol- 
genden zundchst eine kurze Darstellung der allen Fallen gemeinsamen Fr- 
scheinungen gegeben, da auf diese Weise am besten ein Uberblick gewonnen 
werden kann. Kurze Ausziige aus den Krankengeschichten mit den wesent- 
lichen Angaben sind dann am Schluss der Arbeit angefiigt. 

Anamnestisch waren in allen Fallen bis auf einen in der Umgebung d:r 
Kinder gleichzeitig oder unmittelbar vorher Grippeerkrankungen voraus- 
gegangen. Der Beginn setzte immer ganz akut aus voller Gesundheit und ! 
meist normalem Entwicklungs- und Ernahrungszustand mit hohen 0o¢ 


sogar hyperpyretischen Temperaturen ein. 
Alle Patienten waren dltere Siuglinge (Gegensatz zur alimentiaren Intoxil::- 


tion!) zwischen 6—14 Monaten. 

Alle Patienten erkrankten sofort mit diinnen, wassrigen, substanzarm::), 
gelblichen oder griingelblichen, zerhackten und geruchlosen Stiihlen 1 it 
Schleimfetzen, ohne Eiter oder Blut. Bakteriologisch enthielten die Stii je 
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weder Salmonellen noch Shigellen noch pathogene Colibakterien, nur 2mal 
Proteus, was aber vermutlich mit der Chloromycetin-Verabreichung zusam- 
menhing. 

Bei allen Kindern war die Rachenschleimhaut intensiv rot bzw. lividrot ver- 
firbt und trocken ohne Belage (nur einmal kleine Soorinseln). Zweimal trat 
bei der Inspektion schweres Hdmatinerbrechen auf, so dass eine Beurteilung 
nicht méglich war. Meist waren die nuchalen oder cervikalen oder submen- 
talen Lymphknoten massig geschwollen. Keines der Kinder hatte auch nur 
eine Spur von Schnupfen! Uber den Lungen war weder auskultatorisch und 
perkutorisch noch réntgenologisch — wenigstens nicht primar! — ein krank- 
hafter Befund zu erheben. Keiner der Sauglinge hatte eine Otitis media und 
in keinem Falle war ein pathologischer Befund (auch nicht réntgenologisch) 
am Mastoid festzustellen. 


In einem Falle war 10 Tage vorher in einem anderen Krankenhaus antrotomiert 
worden, ohne dass dabei ein krankhafter Befund erhoben werden konnte. 


Alle Sauglinge zeigten eine graublasse Hautfarbe, aber nicht das, was man 
als ,,verfallenes‘‘ Aussehen bezeichnet. Es fehlten auch meist die Zeichen 
einer starkeren manifesten Exsikkose wie halonierte Augen und Stehen- 
bleiben der Hautfalten. Die Fontanelle war immer schon geschlossen. 

Im Blut waren folgende Leukozytenzahlen sofort bei der Aufnahme zu er- 
heben: 8800, 13550, 14000, 24000, 10000, 15250, 13500, 10300. Gleichzeitig 
bestand eine massige bis etwas starker ausgepragte Linksverschiebung. Die 
Erythrozytenzahlen waren meist normal oder nur ganz leicht erhéht und 
betrugen nur in einem Falle 3,67 Mill. bei 68 % Hb. In diesem Falle lag ein 
schweres Hamatinerbrechen vor; bei dem anderen Kinde mit Hamatiner- 
brechen war der Hb.-Gehalt auf 51 % abgesunken, die Erythrozytenzahlen 
auf 4,98 Mill. erhéht, nachdem vorher schon eine hypochrome Andmie vor- 
gelegen hatte. In keinem Falle trat eine azidotische Atmung in Erscheinung! 
Dic Atmung war dem Fieber entsprechend beschleunigt, aber nicht ,,gehetzt* 
mit Flankenatmung oder vertieft. Kein Acetongeruch! Im Harn war einige 
Mule Eiweiss und Urobilinogen positiv. 

lhas, was dem Krankheitsbild aber seine besondere Note gab und was 
nelen dem, von den heftigen Durchfallen abgesehen, doch sparlichen Organ- 
befund geradezu alarmierend gleichzeitig in die Erscheinung trat, waren die 
in den meisten Fallen vorhandenen bedrohlichen Symptome von Seiten des 
ZS. Fast alle Siuglinge kamen bereits in einem schwerstkranken Zustand 
zi A\ufnahme. 5 der Sauglinge befanden sich in einer mehr oder minder hoch- 
gr ligen Benommenheit, 2 von ihnen in so schwerem soporésen Zustand, 
dass zB. auch die operativen Massnahmen zur Anlegung einer Dauertropf- 
in‘ision ohne jede Reaktion ertragen wurden. Der Cornealreflex war erlo- 
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Abb. 1. Fieberkurven der Falle 1-7. 
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schen, die Haut- und die Sehnenreflexe waren schwach oder gar nicht aus- 
losbar. Die Kinder lagen in voélliger Bewusstlosigkeit da mit schlaffer hypo- 
tonischer Muskulatur und nur einige Male zeigten sich ganz leichte, eben 
angedeutete extrapyramidale Stérungen in Form athetotischer Bewegungen 
oder wie bei den beiden Kindern ohne Benommenheit eine ganz auffallende 
starke unkoordinierte motorische Unruhe bei angstlichem Gesichtsausdruck. 
Kinmal traten motorische Reizerscheinungen in Form von klonischen Zuk- 
kungen an den Handen auf und in einem anderen Falle eine Atmungsrhyth- 
musstérung im Sinne des Cheyne-Stokes’schen Atmens. 

5mal konnte lumbalpunktiert werden: 2mal war der Druck erhéht. 2mal lag 
eine leichte Pleozytose von !2/, bzw. !4/, Zellen vor. 1mal fanden sich gleich- 
zeitig mit der Pleozytose von 12/, Zellen 18°/, alte (!) Erythrozyten im Liquor, 
zweifellos als Ausdruck einer leptomeningealen Blutung. 3mal war der Liquor- 
zucker eindeutig erhoht, die tibrigen Male lagen die Werte im Bereich der 
Norm bezogen auf den Blutzucker. Die Pandy-Reaktion war meist normal. 
Einmal fand sich eine leichte Albuminvermehrung und die Stabilitatskurven 
sprachen fiir eine Encephalomyelitis. Weitere Untersuchungen konnten aus 
verstandlichen Griinden nicht durchgefiihrt werden. 

Der Ekg.-Befund liess, soweit er erhoben werden konnte, die Zeichen einer 
Erregungsriickbildung erheblichen Grades mit abgeflachtem oder doppel- 
gipfligem T I und T IT (Hypokaliamie!) erkennen. 

Auffallend war der ausserordentlich gleichmissige Verlauf sowohl des 
Krankheitsbildes wie der Fieberkurve in den meisten Fallen. Es geht dies am 
besten aus dem Ubersichtsbild hervor. 

Nach wenigen, meist 2 Tagen klangen die schweren Krankheitserschei- 
nungen ab, das Bewusstsein kehrte ganz langsam wieder, die Nahrungsauf- 
nalime setzte, wenn auch zégernd, wieder ein, die motorische Unruhe liess 
nach, das Aussehen des Kindes besserte sich mit abklingender Benommenheit. 
Das Fieber fiel fast kritisch ab, ohne dass dies mit einigem Grund auf thera- 
peutische Massnahmen hatte bezogen werden diirfen. Die Stiihle besserten 
sich ebenfalls sehr rasch, obwohl nicht in allen Fallen diatetische antidyspep- 
tische Massnahmen itiberhaupt ergriffen wurden. Zumeist wurde jedoch 
Chloromyeetin verabreicht, in einem Falle (E. D.) nicht, ohne dass der Ver- 
lau! hier ein anderer gewesen wire. 

2 Sauglinge kamen im akuten Stadium unter hyperpyretischen Tempera- 
turcn im soporésen Zustand zum Exitus. Da bei einem der verstorbenen Saug- 
linve auch eine Obduktion erfolgte, sei dessen Krankengeschichte kurz geson- 
dert angefiihrt. 

B. J., 14 Monate, aus Freiburg-Zahringen. Aufgenommen am 2.4. 54. 


‘namnese: Geburt durch Sectio c. mit Geb.-Gew. von 2600 g. Von Grippe wird in der 
An-innese nichts angegeben. Das Kind selbst erkrankte ganz akut 2 Tage vor der Ein- 
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Abb. 2. Fieberkurve des Kindes B. J. 


weisung abends an Erbrechen. Am folgenden Tag noch mehrmaliges heftiges Erbre- 
chen, gleichzeitig damit zahlreiche wiissrige, schleimige Durchfalle und gegen Mittag 
rascher Fieberanstieg. Die Arztin verordnete zunichst eine Teepause. Als ein Kol- 
laps eintrat und der Zustand des Kindes sich zusehends verschlechterte, erfolgte die 
EKinweisung in die Klinik. 

Aufnahmestatus: Untermassiges und untergewichtiges Kind (Liinge 72 em, Ce- 
wicht 6850 ¢@) mit sehr blasser Hautfarbe. Keinerlei Zeichen von Bewusstseinstriibung. 
Hat Kontakt mit der Umgebung und nur vielleicht einen etwas gespannten iingstli- 
chen Gesichtsausdruck. Halonierte Augen, aber sonst dusserlich keine stirkeren ex- 
sikkotischen Anzeichen. Keine Verinderung der Atmung. Turgor und Tonus ebenfalls 
nicht akut verindert, sondern dem allgemein dystrophischen Zustand entsprechend. 
Tonsillen- und Rachenschleimhaut gerétet, aber kein Schnupfen, keine Bronchitis 
und kein krankhafter Lungenbefund. Neurologisch war ebenfalls bei der Aufnahiie 
kein krankhafter Befund zu erheben. Nur die Bauchdeckenreflexe waren etwas le)- 
haft. Die Stihle waren diinnwiassrig, zerfahren, griinlich-gelb und mit reichlichen 
Schleimfetzen durchsetzt. Der bakteriologische Befund auch auf E. Coli war negativ, 
ebenso die virulogische Untersuchung. EKG: Stérung der Erregungsriickbildung }ci 
Sinustachykardie (Hypokaliimie?). Blutbefund: Ery. 5,50, Hb. 81 %. Leuko. 103). 
J.1, Stb. 18, Segm. 34, Ly 37, Mo. 10. Blutaceton: 8,95 mg%. Urin: Sed. reichl. Leu'.o. 
u. gran. Zyl. 

Lumbalpunktat: Druck normal. !%/; Zellen. Pandy negativ, L.-Zucker 81 m“% 
bei Blut-Z. von 137 mg%. R6.-A. d. Lunge u. der Mastoide: Kein krankhafter Befuid. 

Verlauf: Im Verlauf des zweiten Tages wurde der Zustand rapid schlechter. U1: 
zunehmender Apathie traten Perioden von Benommenheit ein, aus der das Kind 
anfangs noch fiir kurze Zeit erweckbar war. Die Atmung wurde deutlich ,,hechel) 
und mit steigender Temperatur nahm auch die Frequenz zu. Am Nachmittag ka 
bereits zu hyperpyretischen Temperaturen und vollstaéndiger Benommenheit mit h« 
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Abb. 3. Histologisches Bild der Darmschleimhaut: Ausgedehnte leukozytare und lymphozytire 
Infiltrate in der Darmschleimhaut und Submukosa. 


J 


». 4. Histologisches Bild aus dem Gehirn: Prall gefiillte Gefiasse, Eiweissaustritt aus den 
itgefassen und Erythrodiapedese in die stark erweiterten Virchow-Robin’schen Raume, 
Gehirnédem, perivascularer Status spongiosus. 


6547511 A. Wallgren 
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gradiger Schlaffheit der gesamten Muskulatur und Areflexie. In der Nacht stieg dic 
Temperatur zu Werten, die nicht mehr gemessen werden konnten (iiber 42°) uni 
unter schnappender Atmung erfolgte der Exitus. (Siehe Abb. 2.) 

Obduktionsergebnis (Dr. GRUNDMANN, Pathologisches Institut Freiburg): Subakute 
Enteritis mit starker Schwellung der Solitirfollikel und Peyer’schen Plaques, vor a|- 
lem im Ileum. (Histologisch: Ausgedehnte leukozytiére und lymphozytire Infiltraiec 
in der Darmsehleimhaut und in der Submukosa). 

Diffuse, vorwiegend mitteltropfige Leberverfettung. Toxische Verfettung der Nic- 
renepithelzellen und sog. triibe Schweilung. Deutliche Albuminurie. Akutes Hirnédein 
mit Abplattung der Gross- und Kleinhirnwindungen, sowie Kleinhirndruckkonus. 
(Histologisch: Eiweissaustritte aus den Blutgefissen und Erythrodiapedese in die 
weichen Hiute).! 

Zentral bedingtes Lungenéddem. Akute Vakuolisation der Herzmuskelfasern. Akute 
Dilatation und Blutfille beider Herzkammern. Leichte schleimige Bronchitis. Chro- 
nische Tonsillitis. Offenes foramen ovale. 

Ergiinzend muss hinzugefiigt werden, dass das Hirngewicht, bezogen auf Kérper- 
gewicht und Korperliinge, um etwa 200 g vermehrt war, was als zahlenmissiger Aus- 
druck fiir das schwere Hirnédem gelten darf. Die Erythrodiapedese zeigt, dass es niclit 
beim Austritt von Blutfliissigkeit allein geblieben ist. Dieser Befund erklart die schwe- 
ren klinischen Erscheinungen vor allem der Benommenheit, der hyperpyretischen 
Temperaturen und der finalen Atemlihmung vollauf. Er lisst keinerlei Schluss dariiber 
zu, wie sich anatomisch der Prozess weiter entwickelt hatte, wenn das Kind am Le- 
ben geblieben wiire. Der Zustand der klinischen ,,Encephalitis’’ hat kaum linger als 
1'/,—2 Tage gedauert, so dass auch eine anatomische Encephalitis kaum tiber dieses 
Stadium des initialen Hirnédems hinausgekommen sein kénnte, wie uns dies aus den 
Beispielen der Vakzineencephalitis her bekannt ist (WEISSE, KRUCKE, SIEGER?, 
NoEeTZEL). Die Schwere der Allgemeininfektion geht aus den Befunden in Leber und 


Niere hervor. 


Wir haben bei den ersten Patienten schon wegen der sofort mit den Durch- 
fillen einsetzenden alarmierenden cerebralen Erscheinungen und unter dem 
Eindruck der von uns friiher durch BETKE und HArRMs beschriebenen Fille 
von den Stuhl auf Mause und zwar auf Siuglings- 
und erwachsene Miuse tiberimpft, jedoch ohne jedes Ergebnis. Der Hirsttes! 
ergab schon dem Alter entsprechend keine verwertbaren Resultate. Er fic! 
entweder negativ aus oder ergab wie im Falle B. Fr. einen Anfangstiter, dcr 
aber nicht im Verlaufe der Erkrankung anstieg, und auch in der Titerhéhe 
nicht beweisend war. 

Die baktericlogischen Stuhluntersuchungen auf E. Coli wurden entspr 
chend unseren friiheren Angaben und mit der von uns ausgearbeiteten M 
thode (KELLER-MARGET) besonders sorgfaltig durchgefiihrt und dem nega‘ 
ven Ergebnis ist in diesem Falle, d. h. bei vorliegender schwerer Durchfall-- 


1 Die beiden histologischen Aufnahmen verdanke ich dem liebenswirdigen Entgegenko 
men von Prof. NortzeEL und Dr. GRUNDMANN, Pathologisches Institut der Universi‘ 


Freiburg i. Br. (Direktor: Prof. Dr. F. BUCHNER). 
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erkrankung, auch fiir den E. Coli-Nachweis (MARGET) ein hoher Wert an 
Beweiskraft zuzumessen. 

Ubersieht man zunadchst einmal das ganze Krankheitsbild, dann lasst sich 
iolgendes mit einiger Sicherheit sagen: Im Rahmen einer auch in Freiburg 
und Umgebung aufgetretenen Grippewelle, die wohl im wesentlichen nach 
den Hirsttesten des hiesigen Untersuchungsamtes durch ein A-Virus bedingt 
war und in offensichtlichem Zusammenhang mit Grippeerkrankungen in 
einer Umgebung, mit der die Kinder nachweislich in Kontakt waren, erkrank- 
ten eine Reihe von dlteren Sauglingen ganz akut mit hohen Temperaturen, hef- 
tigen profusen Durchfdllen ohne jeden pathologischen Bakterienbefund im 
Stuhl, mit einer trockenen Pharyngitis ohne Schnupfen, ohne Bronchitis oder 
Pneumonie und gleichzeitig mit zum Teil schwersten Hrscheinungen von Sei- 
ten des ZNS, die klinisch nur als Ausdruck einer ganz akuten, wenn auch sehr 
fliichtigen ,,Encephalitis’s‘ oder wenigstens eines schweren Hirnédems gedeu- 
tet werden konnten. Die Mehrzahl der Saiuglinge genas nach wenigen Tagen 
von dem schweren Zustandsbild, 2 Kinder kamen jedoch unter hyperpyre- 
tischen Temperaturen zum Exitus. Das offensichtliche Abweichen von dem 
iblichen Bild der Grippeerkrankungen beim Séugling trotz epidemiologi- 
schen Zusammenhanges mit Grippeerkrankungen in der Umgebung und 
zwar besonders im Hinblick auf die gleichzeitige Kombination von Encepha- 
litis mit Enteritis, sowie die Unterschiede gegeniiber der ,,alimentaren‘ 
Intoxikation oder infektiésen Toxikose, berechtigen m. E. dazu, das Krank- 
heitsbild in der geschlossenen Form, wie es hier aufgetreten ist, als ,,Ence- 
phalo-Enteritis“ besonders herauszustellen. 

Zur Begriindung unserer Auffassung muss auf einige Fragen klinischer, 
actiologischer und pathogenetischer Natur etwas niher eingegangen werden. 

Die Klinik: Der erste fliichtige EKindruck sowohl am Krankenbett wie 
auch beim Lesen der Krankengeschichten wird wohl der sein, dass es sich 
in den vorliegenden Fallen um akute schwere Durchfallserkrankungen mit 
mehr oder minder ausgeprigten toxischen Erscheinungen oder tiberhaupt um 
soy. infektiése Toxikosen handeln wiirde. Nun kann wohl kein Zweifel dariiber 
bestehen, dass das, was in der Piadiatrie auch heute noch als ,,Intoxikation“ 
oder ,,Toxikose* bezeichnet und diagnostiziert wird, einen recht betrichtli- 
chen Sammeltopf der verschiedenartigsten Krankheiten darstellt. Trotzdem 
rickt von dieser ganzen Gruppe das vorliegende Krankheitsbild sofort da- 
durch merklich ab, dass es sich bei allen diesen Kindern um 4iltere Siuglinge 
hondelt. Das klassische Bild der Intoxikation oder der Toxikose ist fast aus- 
siliesslich nur beim jiingeren Saugling anzutreffen. Nach allen hier vorhan- 
(nen Begleitumstanden kénnte es sich ja nur um eine sog. infektiése Toxikose 
| .ndeln. Von diesen sind heute zwei naher zu charakterisieren und zwar die 
‘irch pathogene Darmkemse bedingten schweren toxischen Enteritis-Er- 
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krankungen und die parenteral- und herdbedingten infektiésen Toxikosen be- 
sonders unter dem Bild der sog. okkulten Mastoiditis. Die ersten stellen wo))l 
das grésste Kontingent, die zweiten und dritten sind wesentlich seltener gv- 
worden, was zweifellos mit der zunehmenden antibiotischen Therapie zusam- 
menhangt, denn auch die manifeste Mastoiditis ist z.Z. seltener geworden. Die 
dureh E. Coli bedingten Toxikosen erstrecken sich ebenso wie die okkulte 
Mastoiditis auch nur auf jiingere Sauglinge. Seit wir unsere genauen Coli-Unter- 
suchungen durehftihren (seit 1951), haben wir 18 sichere einwandfreie Toxiko- 
sen mit cerebralen Erscheinungen und entsprechenden Verdanderungen der 
Atmung gesehen. Die prae- und subtoxischen Falle sind hier nicht mitge- 
zahit. Von diesen 18 waren 7 durch E. Coli hervorgerufen. Das Alter dieser 
Sauglinge lag zwischen wenigen Wochen und 31/, Monaten. Von den restli- 
chen 11 waren 8 ebenfalls zwischen 1 und 41/, Monate alt. Die anderen 3 wa- 
ren je 6!/,, 71/, und 13 Monate alt. Und gerade bei diesen fragt es sich bei 
nachtraglicher Durchsicht der Krankengeschichten und nach unseren jetzi- 
gen Kenntnissen sehr, ob die Diagnose ,,Toxikose‘. bei ihnen noch aufreclhit 
erhalten werden kann. Aber selbst wenn dies der Fall ware, so geht doch die 
unterschiedliche Altersbeteiligung aus den angegebenen Zahlen klar hervor. 

Ein weiteres Merkmal, das die vorliegenden Falle von der Toxikose trennt, 
ist das Fehlen der charakteristischen Atmungsverdnderungen im Sinne der 
azidotischen Atmung. Keiner der 7 ersten Sauglinge zeigte eine Andeutung 
davon, obgleich gerade darauf genau geachtet wurde. Es kam auch in keinem 
der Falle zu einer klinisch ausgesprochenen manifesten Exsikkose. Das, was 
aber in dieser Form ebenfalls nicht zur Diagnose ,,Toxikose’ passte, waren 
die deutlichen Anzeichen einer beginnenden ,,Encephalitis‘’ kenntlich an demi 
sofortigen ganz akuten Einsetzen schwerster Benommenheit und motorischer 
Unruhe ohne jede Praeliminarien sowie motorischer Reizerscheinungen bis 
zu Krampfen und der doch wenigstens 3mal vorhandene Liquorbefund, 
darunter 1mal mit den Zeichen einer leptomeningealen Blutung. 

Neben diesem Symptomenbild war es nicht zuletzt der Verlauf, der uns dias 
Krankheitsbild von der Toxikose abtrennen liess, vor allem die kurze Dawe 
die fast krisenartige Beendigung und die ganz auffallend rasche Erholun:, 
wenn nicht der akute cerebrale Zustand gleich zu Anfang eine bestimmi« 
Grenze iiberstieg, so dass unter den Zeichen eines schweren Hirnédems (Sopo:, 
Hyperpyrexie und hochgradige Atmungsstérung) der Exitus ebenfalls nac 1 
ganz kurzer Zeit erfolgte. Auch die Durchfalle hérten schlagartig auf ur | 
nur ein mehr oder minder langer Gewichtsstillstand deutete auf die posti:- 
fektiése Ernahrungsstérung und Regeneration hin. Wir haben niemals au: h 
seit Einfiihrung der antibiotischen Therapie und der Dauertropfinfusion |i 
Toxikosen eine so rasche und vollstandige Erholung gesehen. 

Damit scheiden auch klinisch die cerebralen Komplikationen, die bish ‘T 
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pei durchfallserkrankten und ernéhrungsgestérten Sduglingen meist auch 
uur als Folgeerscheinungen bekannt geworden sind, differentialdiagnostisch 
aus, Wie sie z. B. von GRONVIK und SKJELBRED oder von ALTEGOER, von 
STOLTE oder von FANCONI und Rossi mitgeteilt wurden. Leider vermag ich 
aus der Arbeit von FoREs nicht zu entnehmen, ob das von uns beobachtete 
Krankheitsbild zu den sehr mannigfachen Symptomengruppen gehdért, die 
in der franzésischen Literatur unter die ,,états neurotoxiques der Siuglinge 
verechnet werden. 

Das klinische Bild weicht aber auch von dem der iiblichen Sauglingsgrippe 
ab. Die cerebralen Erscheinungen gehéren nicht zum Bild der unkomplizier- 
ten Grippe, stellen aber auch keine gew6hnliche Komplikation dar. Durch- 
fille allein und besonders das, was in der Padiatrie als parenteral bedingte Dys- 
pepsie bezeichnet wird, sind allerdings bei der Siuglingsgrippe eine gelaufige 
Erscheinung. Hiertiber hat BrESALSKI aus unserer Klinik vor kurzem berichtet. 
Bei dieser Form ware man also kaum berechtigt, von einem besonderen 
Krankheitsbild zu sprechen. Die Genese solcher Durchfille ist auch heute 
noch nicht weder aetiologisch noch pathogenetisch geklart. Die Vorstel- 
lung, dass das Grippevirus aetiologisch unmittelbar daran beteiligt sein 
kénnte, kommt noch in den friitheren Bezeichnungen wie ,,Darmgrippe“ 
oder ,,Kopfgrippe“’ zum Ausdruck, ohne dass man fiir diese Annahme 
sichere Unterlagen in unserem heutigen Sinne gehabt hatte (DUKEN, FrIcK). 
Man wird dabei auch an die schweren Durchfallserkrankungen denken, 
die besonders bei Neugeborenen vorwiegend als Anstaltsepidemien beschrie- 
ben wurden und als solche die gefiirchtete moderne Form des infektiésen 
Hospitalismus darstellen (BREHME, GRUNHOLZ, KOTTGEN). Abgesehen davon, 
dass die anstaltsbedingten Zusammenhinge hier nicht gegeben sind, ist aber 
das klinische Bild und die Altersdisposition dieser Durchfallserkrankungen 
von dem beschriebenen so verschieden, dass auch aetiologisch diese Diffe- 
rentialdiagnose kaum ernstlich in Erwigung zu ziehen ist. 

Hin Schnupfen gehért nicht zum Bild der unkomplizierten Grippe, so wenig 
wie die Bronchitis oder gar die Pneumonie. Das haben die neuesten virulogi- 
schen Forschungen auf diesem Gebiet eindeutig ergeben (ANDREWES, ISAACS, 
Bur u. MARSINI u. a.). Derartige Begleiterscheinungen sind so gut wie im- 
mer als bakterielle oder durch andere Viren bedingte Sekundarinfektionen 
alfzufassen, denen allerdings das Grippevirus den Weg besonders leicht 
Vorbereitet. Wahrend der Beobachtungszeit waren zahlreiche Faille von 
Sc uglingsgrippe in der Klinik aufgenommen worden. Sie boten fast alle das 
“/iche fast monotone symptomenarme Bild mit 2—3 Tage dauerndem Fieber, 
eicer trockenen Pharyngitis und evtl. Tracheitis und gelegentlichen diinnen 
Svihlen. Der Gedanke, dass die vorliegende Erkrankung mit einer Grippe- 
it ektion zusammenhangen kénnte, ist also wohl weniger klinisch berechtigt als 
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vielmehr durch den in allen Fallen vorhanden gewesenen offensichtlichen Kon - 
takt mit Grippefallen in der Umgebung und der Tatsache, dass in der frag- 
lichen Zeit, wie schon gesagt, eine Grippewelle mit ausserordentlicher Infek- 
tiositat herrschte, die nach den Resultaten der Hirstteste des hiesigen Unter- 
suchungsamtes im wesentlichen offenbar durch eines der A- Viren bedingt waren. 
Wir haben in einigen Fallen ebenfalls den Hirst-Test ausfiihren lassen, ob- 
gleich im Sauglingsalter der diagnostische Wert dieses Testes relativ gering ist. 
Er fiel auch 2mal negativ aus und ergab 2mal schon bei der ersten Blutent - 
nahme einen Titer, der unter 1:640 lag und auch im Verlauf der Erkrankung 
nicht anstieg. Beide Resultate sind also nicht zu verwerten, und zwar weder it 
positiven noch im negativen Sinne. Man wird allerdings wegen des negativen 
Ausfalles nicht sagen kénnen, dass es sich nicht um eine Grippe gehandelt hat. 
Es sind z. B. jetzt von KEITH und FRANCIS an bisher 29 Stémmen der A- 
Influenza-Viren allein 18 serologisch verschiedene Antigenkomponenten fest- 
gestellt worden, die in den verschiedensten Kombinationen vorkommen k6én- 
nen. Wenn es sich in den vorliegenden Fallen um ein Grippevirus als Ursache 
handelt, dann ist mit einer gewissen Wahrscheinlichkeit anzunehmen, dass 
eine Mutante vorliegt, die auch serologisch mit dem routinemassig durch- 
gefiihrten Hirsttest nicht ohne weiteres erfasst zu werden braucht. 

Kine solche Méglichkeit muss schon deshalb erwogen werden, weil Kompli- 
kationen von Seiten des ZNS bei der Grippe wenn auch nicht haufig, so doch 
bekannt sind. Gemeint sind damit weniger die postgrippale Encephalitis, das 
sog. ,, Hydrocephaloid* oder die seltene grippale Meningitis, als vielmehr die als 
, toxische Grippe“ bezeichnete akute und prognostisch ausserst ungtinstige Form 
der Grippe beim Saugling, die 4hnlich wie der Fall des Kindes B. J. verlaufen 
kann. GERBEAUX hat vor kurzem im Rahmen einer umfassenden Darstellung 
des Grippeproblems durch mehrere franzésische Autoren auch eine eingehende 
Beschreibung der Sauglingsgrippe gegeben, in der solche Falle erwahnt sind. 
qs ist durchaus méglich, dass die von uns beobachteten Krankheitsbilder 
hierher gehéren und nur etwa eine endemisch besonders charakterisiert¢ 
Variante darstellen. Rein klinisch ist dies aber nicht zu entscheiden und die 
Tatsache, dass die Mehrzahl unserer Falle eine auffallend gute Prognose trotz 
der cerebralen Symptome bot sowie einige andere Eigentiimlichkeiten sche'- 
nen uns doch eine Sonderstellung und auch Bezeichnung zu rechtfertige:, 
zumal ja die Grippeaetiologie von uns weder mit Sicherheit behauptet, noc 
gar bewiesen werden kann! Alle friiheren klinischen Arbeiten auf diesem G 
biet sind kaum verwertbar, da die Diagnose ,,Grippe‘S in keiner Weise ¢ 
sichert erscheint. Wir wissen heute wenigstens so viel, dass von der Grippe od: 
Influenza zahlreiche andere und zum Teil sehr ahnlich verlaufende Virus- 
infektionen abzutrennen sind wie etwa die durch das Common-cold-Vir is 


oder das A.R.D.-Virus hervorgerufenen, ausserdem Rickettsiosen wie ( \s 
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()-Fieber. Es fehlt noch heute an virulogisch ausreichend unterbauten Ar- 
beiten tber die Sauglingsgrippe, deren grosse auch immunbiologische Be- 
deutung uns gerade auch aus den neueren eingehenden serologischen Studien 
von DAVENPORT, HENNESSY und FRANCIS hervorzugehen scheint. 

Damit miissen wir die Aetiologie-Frage noch etwas naher erértern. Wir 
laben soeben gesagt, dass der negative Ausfall des Hirsttestes nicht besagt, 
dass aetiologisch nicht doch ein Grippevirus in Frage kommen kénnte und 
liiben schon bei der Besprechung der Krankengeschichten den epidemio- 
logischen Zusammenhang mit sicheren Grippefallen in der Umgebung und 
das Auftreten waihrend einer ausgesprochenen Grippewelle hervorgehoben. 
Wir waren sogar anfangs deshalb geneigt, das Krankheitsbild als Encephalo- 
Enteritis ,,gripposa‘‘ zu bezeichnen. Wir haben aber davon Abstand genom- 
men, weil uns der epidemiologische Zusammenhang allein als Unterlage fiir 
eine solehe vorweggreifende aetiologische Bezeichnung doch als nicht aus- 
reichend erschien. Der negative Ausfall des Hirsttestes hitte uns weniger 
dabei gestért. Der epidemiologische Zusammenhang kann aber ausserordent- 
lich trugen. Wir haben dies selbst an den Poliomyelitis- und Coxsackievirus- 
infektionen erfahren. Beide kénnen sogar innerhalb einer Epidemie mitein- 
ander gekoppelt auftreten oder nebeneinander herlaufen. Man rechnet heute 
noch zu wenig mit der Tatsache, dass Viren wie gerade die Enteroviraceae 
nicht nur mehr oder minder nahe miteinander verwandt sein, sondern auch 
oekologisch in ausserordentlich nahe Beziehung zueinander treten kénnen. 
Das Nachstliegende wire es nun, sich in solchen Fallen nicht auf die sero- 
logischen Untersuchungen allein zu verlassen, sondern in erster Linie auch 
den Versuch zu machen, das vermutete Virus zu isolieren. Das war aus fol- 
genden Griinden z. Zeit bei uns noch nicht méglich. Zunachst war es ja erst 
nach 4 oder 5 Fallen klar, dass offenbar ein besonderes Krankheitsbild vor- 
lag. Da wir zwar ein virulogisches Laboratorium, aber kein grésseres dia- 
gnostisches Virusinstitut besitzen, das in der Lage wire, plétzlich alle in 
Frage kommenden Untersuchungen und Uberimpfungen durchzufiihren, 
hitte alles fiir den speziellen Zweck erforderliche Material erst einmal be- 
schafft werden miissen. Bis dahin ware die Epidemie bzw. lokale Haiufung 
der Falle langst voriiber gewesen, selbst wenn man davon absieht, dass weder 
dic notwendige Einrichtung noch sofort bereitstehende Mittel, noch vor allem 
ei: auf diesem speziellen Gebiet der Influenzaforschung geniigend erfahrener 
Fachkenner zur Verfiigung stand. Es hatte nur einen Ausweg gegeben, der 
aber damals wegen Mangel an der geeigneten Apparatur auch nicht be- 
s-uritten werden konnte, namlich sofort alles einschlagige Material auf dem 
Wege einer einwandfreien Gefriertrocknung zu konservieren und spater zu 
‘igneter Zeit und am geeigneten Ort einer genauen Erforschung zu unter- 
hen. Dabei muss bedacht werden, dass diese Untersuchungen sich ja nicht 
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auf einen Vertreter der Influenzaviren allein erstrecken durften, da dies: 
Aetiologie lediglich eine epidemiologische Vermutung darstellt. Selbstver- 
standlich legten die encephalitischen Erscheinungen den Gedanken nahc, 
dass es sich auch um eine neurotrope Variante des Grippevirus wie etwa den 
NWS-Stamm handeln kénnte, der nach intracerebraler Verimpfung an Mau- 
sen eine Meningoencephalitis hervorruft (zitiert nach GERMER), oder dic 
primar neurotropen Stémme, die FRANCIS und MOORE nachgewiesen haben. 


Dass andererseits durch Zusammentreffen verschiedener Stémme ein neuer 


Stamm auftreten kann, der gleichsam eine Mischung aus den ursprtinglichen 
drei Stammen darstellt, ist durch die Rekombinationsversuche von BURNET 
mit den 3 wohlcharakterisierten Stammen NWS, WSM und WSE bewiesen 


worden. Selbst wenn man also den schon 1951 fiir das Grippevirus von BURNET 


beschriebenen Phasenwechsel bericksichtigt, fehlt es nicht an theoretischen 
Moglichkeiten, die das Auftreten einer solchen Variante mit ausgesproche- 


nen ancephalitischen Eigenschaften am Menschen erkléren kénnte. Auf 


Grund epidemiologischer Zusammenhange sind solche Méglichkeiten auch 
schon friiher von BRouUN und seinen Mitarbeitern 1945 sowie von LEIGH 1946 
beschrieben worden (zit. nach ROOYEN und RHODES). Aber abgesehen davon, 
dass der epidemiologische Zusammenhang mit der Grippe nur ein éusserer 
und scheinbarer sein kann, sind auch die daraus gezogenen Folgerungen 
lediglich Vermutungen. 

Geht man mehr von den Darmsymptomen aus, dann ware auch an eine 
virusbedingte Diarrhoe zu denken. Soleche Viren sind schon mehrfach isoliert 
worden, so von und von HopEs, ZEPP und FLORMAN, auch von 
GEN. Alle diese Viren sind aber bis heute noch nicht identifiziert und man 
misste naturgemiss auch bei ihnen zumindest eine neurotrope Variante ati- 
nehmen, wenn man die gleichzeitigen neurologischen Erscheinungen erklaren 
wollte. 

Kinen etwas besseren Anhaltspunkt bieten die neueren Studien von VEr- 
LINDE und LIE-KHING-TING, die aus dem Stuhl von Sauglingen mit Gastroen 
teritis ein Virus isolieren konnten, das fiir Frettchensauglinge pathogen war 
und im weiterem Verlauf der Untersuchungen als ein Coxsackie-Virus de: 
A-Gruppe identifiziert werden konnte. Es zeigte sich, dass Vertreter der bei 
den Coxsackiegruppen A und B zwar auf Frettchenséuglinge tibertrage 
werden kénnen, aber dabei sehr rasch ihre hohe Pathogenitat fiir Sauglings- 
miiuse verlieren. Diese Mitteilung gewinnt besonders deshalb an Interesse. 
weil auch von anderer Seite auf dem 6. internationalen Mikrobiologenkongre: 
in Rom 1953 iiber gastroenteritische Erscheinungen bei Coxsackievirusi! 
fektionen im Sauglingsalter berichtet wurde (TRAVASSOS, LOBO, DE PAOL: 
DE GOES und von ARCHETTI und BoRTOLOZzI). Wir haben wie gesagt de 
Stuhl auch auf Sauglingsmause tiberimpft, aber ohne Erfolg. Leider war b: 
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den ersten Ubertragungen von VERLINDE das Coxsackievirus noch nicht be- 
kannt, so dass nicht entschieden werden kann, ob die primaire Ubertragung 
auf Frettchen den Impferfolg begiinstigte. Es wire bei der sehr weiten Ver- 
breitung der Coxsackieviren auch an die Méglichkeit von Simultaninfektio- 
nen zu denken, da auch auf diese Weise das Auftreten enteritischer und 
gleichzeitig encephalitischer Erscheinungen erklirt werden kénnte. 

Hinsichtlich der Pathogenese wird man so lange im Unklaren bleiben, als 
auch die Aetiologie nicht gesichert ist. Dass die Erscheinungen von Seiten 
des Darmes durch die unmittelbare Einwirkung des infektiésen Agens zu- 
standekommen, wird man sich ohne weiteres vorstellen kénnen. Schwieriger 
ist die Erklarung der klinisch so sehr im Vordergrund stehenden zentralen 
Symptome. Das zweimalige Auftreten von Hamatinerbrechen sowie der 
leptomeningealen Blutungen weist wohl auf schwere akute Gefiisswandscha- 
digungen und damit Permeabilitétsst6rungen hin. Es ist anzunehmen, dass sie 
nicht nur an der Blutliquor- sondern auch an der Bluthirnschranke eingetre- 
ten sind und dadurch zu dem ausgedehnten Gehirnédem gefiihrt haben. Wie 
es aber zu den Gefaisswandschadigungen kam, lisst sich auch nur vermuten. 
Neben der direkten infektiésen oder infektiés-toxischen Schidigung der 
Gefasse kann bei der ausgedehnten Entziindungsfliche des Darmes auch der 
Menkin’sche Permeabilitaétsfaktor dabei eine Rolle spielen oder es kénnte 
sich um die Auswirkungen eines akuten ,,stress‘‘ handeln, wie sie im Tier- 
experiment als Modellbeispiel vor kurzem GADEKE und BETKE sowie GADEKE 
an unserer Klinik demonstriert haben. Dass in unserem konkreten Falle noch 
keine starkeren entziindlichen Erscheinungen etwa in Gestalt von Gefiss- 
wandinfiltraten oder Zellwucherungen aufgetreten waren, steht weder zu den 
beobachteten klinischen Erscheinungen noch zu der klinischen Diagnose 
,,incephalitis“ in Widerspruch. Das schwere Gehirnéddem erklart die klini- 
schen Symptome vollstandig und kann andererseits durchaus das Initial- 
stadium und der Vorlaufer entziindlicher Erscheinungen im anatomischen 
Sinne sein (NOETZEL, THALHAMMER). Abgesehen davon, dass wohl durch die 
Befunde von MENKIN der Entziindungsbegriff einer gewissen Revision be- 
darf, sind uns solche Bilder rein gefissbedingter Initialstadien auch von den 
neueren Untersuchungen von WEISSE, KRUCKE und SIEGERT iiber die Vak- 
zinationsencephalitis bekannt. Man wird also auch hier noch weitere Be- 
obachtungen abwarten miissen. 


Zusammenfassung 


Im Rahmen einer Grippeepidemie wurde eine zeitlich begrenzte kleine Zahl 
\on E£rkrankungen bei durchweg alteren Sauglingen beobachtet, die sich 
urch das ganz akute und fast gleichzeitige Auftreten von heftigen Durch- 
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fallen und schweren Symptomen von Seiten des Zentralnervensystems, tei'- 
weise verbunden mit leptomeningealen Blutungen und Haématinerbrechen. 
auszeichneten. Die ausserordentlich alarmierenden Erscheinungen klangen 
in den meisten Fallen nach wenigen Tagen ab. In 2 Fallen kam es jedoch im 
sopordésen Zustand unter hyperpyretischen Temperaturen und schweren 
zentralen Atmungsstérungen zum Exitus. Die Sektion konnte nur in den) 
einen Falle ausgefiihrt werden und ergab neben einer ausgedehnten Enteritis 
ein schweres Hirnédem. Die Differentialdiagnose zu ahnlichen Krankheits- 
bildern besonders der Toxikose wird besprochen und der Symptomenkomple x 
in der geschlossenen Form, wie er hier aufgetreten ist, als ,,Encephalo-ente- 
ritis acuta’* herausgestellt. Alle durchgefiihrten bakteriologischen und viru- 
logischen Untersuchungen verliefen negativ. Die aetiologischen und patho- 
genetischen Méglichkeiten werden kurz erortert. 


Kurze Ausziige aus den Krankengeschichten 


B. Fr., 13 Monate, aus Lahr/Baden. Aufgenommen am 79.1. 54. 
Anamnese: 12 Tage vor der Aufnahme des Kindes Vater, und 3 Tage spater auch 


die Mutter an schwerer Grippe erkrankt, letztere auch mit Durchfallen. Nach einer 


weiteren Woche erkrankten auch zwei Geschwister mit Fieber und Erbrechen. 

Das Kind selbst hatte 4 Tage vor der Einweisung Erbrechen, den Tag darauf Fie 
ber bis 38,5°, das aber 2 Tage lang wieder aufhérte. Einen Tag vor der Aufnahme er- 
folgte wieder ein akuter Fieberanstieg mit Erbrechen und dabei heftige wassrige, 
schleimige Durchfiille. Gleichzeitig wurde das Kind zunehmend apathisch und schrie 
nur von Zeit zu Zeit gellend auf! 

Aufnahmestatus: Das Kind befand sich bereits bei der Aufnahme im Zustand voll- 
kommener Benommenheit, zunichst ohne motorische Reizerscheinungen. Die At- 
mung entspricht anfangs dem Fieber, zeigt aber dann voriibergehend einen angedeu 
teten Cheyne-Stokes’schen Atemtypus. Im EKG findet sich eine hochgradige Stérung 
der Erregungsriickbildung (Hypokaliimie!). Turgor und Tonus sind herabgesetzt, die 
Haut bleibt in Falten stehen, die Augen sind haloniert. Zweimaliges Himatinerbre 
chen! Der Rachen ist stark gerétet mit einzelnen Soorinseln auf den Tonsillen. Zall- 
reiche diinnwiissrige Stiihle mit griinlichen Substanzfetzen. Bakteriologischer Befun« 
auch auf E. Coli ist negativ, ebenso die virologische Untersuchung auf Enterovire 
eaeen. Urin: o. B. EKG: Normaler Stromverlauf. 

Blutbefund: L. 8800. J. 4, Stb. 12, S. 34, Mo. 4, RF. 9, Ly. 37. Ery. 4,84. Hb. 86 ‘ 
Hirsttest Iu. II mit A u. A,. FM 1:100 pos. 

Neurologisch: Benommenheit mit voriibergehenden leichten motorischen Re: 
erscheinungen an den Hiinden und Fingern. Cornealreflexe erloschen. Bauchdeck« 
und Cremasterreflexe nicht auszulésen. 

Liquor: Druck nicht erhéht. 4/,; Zellen und 5/, Ery. Pandy negativ. Liquorzuck: 
105 mg% bei Blutzucker von 121 mg%. 

Therapie: Dauertropfinfusion. 

Ro.-A. Lunge: o. B. Tuberkulinreaktion negativ. R6.-A. der Mastoide ebenfal! 
negativ. 

Verlauf: Schon nach 48 Stunden hatte sich das Bewusstsein soweit gelichtet, das 
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das Kind auf seine Umgebung reagierte und nur noch sehr apathisch ist. Dann erfolgte 
aber rasche Besserung zugleich mit dem Aufhoéren der Durchfialle. Schliesslich voll- 
kommener Riickgang aller Symptome und langsame Besserung mit Gewichtszu- 
nahme. 


I. M., 131/. Monate. Aus Zahr/Baden. Aufgenommen am 2.3. 54. 

Anamnese: Franzoésisches Kind. Der Bruder etwa 8 Tage vor der Erkrankung des 
Kindes eine ,,Darmgrippe*. Kind selbst am Tage vor der Aufnahme 38,2° Fieber 
und rasch zunehmende Benommenheit. Gleichzeitig Erbrechen und diinne wiissrige, 
criine Stiihle. 

Aufnahmestatus: Normal entwickeltes Kind in schwerstkrankem Zustand. Hoch- 
vradige Hypotonie und schwerster Sopor, der nur zeitweise von leichten motorischen 
teizerscheinungen athetoider Natur unterbrochen wird. Fahle Blisse mit halonierten 
Augen ohne deutliche exsikkotische Erscheinungen. Rachen gerétet, aber kein Schnup- 
fen. Geringe Schwellung der Nackendriisen. EKG: Ungewoéhnlicher Rechtstyp. At- 
mung etwas oberflaichlich. R6.-A. der Lunge ohne krankhaften Befund. Ebenso R6.-A. 
der Mastoide: o. B. 

Blutbefund: Ery. 4,98, Hb. 51 %. L. 13550, J. 1, Stb. 10, Seg. 24, Ly. 58, Mo. 7, 
RF 10. Hirsttest I u. II mit A, B, A, (FM) negativ. 

Stithle: wassrig, spritzend, schon vor Chloromycetin geruchlos, mit Schleimfetzen 
durchsetzt. Bakteriologisch einschl. pathogene E. Coli negativ. Urin: negativ. 

Neurologisch: Ausser den oben erwahnten Erscheinungen Reflexe an den Beinen 
nur schwach, an den Armen gar nicht auslésbar. Augenhintergrund o. B. Liquor: 
Druck normal. Pandy negativ, Zellen 12/3. L.-Zucker 76 mg% bei Bl.-Zucker von 
82 mg%! 1800/3 alte Ery.! (Leptomeningitische Blutung?) 

Therapie: Dauertropfinfusion. 

Verlauf: Bereits nach 24 Stunden besserte sich der Zustand merklich. Das Kind 
hegann auf Bertthrung und dann auf Anruf zu reagieren und nach 48 Stunden war die 
schwerste Benommenheit voriiber, das Fieber fiel ab, die Stiihle besserten sich und 
das Kind war nur eine Zeit lang noch etwas apathisch. Nach lingerem Gewichtsstill- 
stand und Appetitlosigkeit erfolgte dann langsam auch wieder ein solider Gewichts- 


anstieg, 


B. W., 8!/. Monate. Aus Rheinweiler. Aufgenommen am 28.2. 54. 

Anamnese: In der Umgebung des Kindes mehrere Grippe-Erkrankungen. Das 
Kind erkrankte einige Tage vor der Aufnahme an Husten, Fieber bis 39° und schliess- 
lich 40,5°. Starke Unruhe. Kein Erbrechen. 

Aufnahmestatus: Normal entwickeltes Kind. Keine Benommenheit, nur sehr auf- 
fallende Unruhe. Keine Krimpfe. Rachen gerétet, kein Schnupfen. Bds. Schwellung 
der submentalen Driisen. Uber den Lungen bds. sehr verschirftes Atmen. R6.-A. der 
lunge zeigt weiche, fleckige Hilusverschattungen mit vermehrte Zeichnung in der 

ingebung. Gelbliche, diinne Stiihle. Bakteriologisch einschl. pathog. E. Coli negativ. 

rin: o. B. Tuberkulinreaktion negativ. Blutbefund: Ery. 4,2, Hb. 80%, L. 14000. 

eg. 16, Ly. 74, Mo. 8, RF 2. 

Neurologisch: o. B. 

Verlauf: Nach 2 Tagen Fieberabfall, rasche Besserung der Stiihle und auch sofort 
insetzende Gewichtszunahme. Vorzeitige Entlassung auf Wunsch der Eltern. 


ch, M., 61/, Monate. Aus Freiburg i. Br. Aufgenommen am 20.2. 54. 
Anamnese: In der Umgebung Grippe. Insbesondere ist die Grossmutter erkrankt, 
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die das Kind in Pflege hatte. Das Kind selbst hatte schon 14 Tage vor der Klinikau‘ 
nahme Husten, Fieber bis 38° und Erbrechen. Besserung nach Penicillin. 2 Tage vo: 
der Aufnahme erneut Husten, Fieber, Erbrechen und starke Unruhe. 

Aufnahmestatus: Normal entwickeltes Kind. Starke motorische Unruhe. Rach« 
etwas gerotet. Kein Schnupfen! Leichte Halsdriisenschwellung. Uber beiden Lung: 
vereinzeltes Brummen, aber sonst kein krankhafter Befund. Normaler neurologische: 
Befund. 


Ro.-A. der Lunge: o. B. Tuberkulinreaktionen negativ. Blutbild: Ery. 4,56, Hb. 


75 %, Leuko. 15300. Am 3. Tag nach der Aufnahme ganz plotzlicher Fieberanstie 


auf 40,9°: Sofort spritzende griine, wissrige Stihle. Bakteriologisch einschl. pathog. 
E. Coli negativ. Nach einem kurzen Stadium grosser motorischer Unruhe zunehmende 
Benommenheit ohne Krampfe. Blutbild: L. 24000. J. 12, Stb. 19, Seg. 48, Ly. 18, Mo. 


3. tox. Gr. Liquor: Druck erhéht, Pandy negativ. Zellen */;. L.-Zucker 64 mg% bei 
Bl.-Zucker von 108 mg%. Urin: o. B. 


Verlauf: Das Kind bleibt im Zustand vollkommener Somnolenz bei hochgradiger 


Hypotonie und erhaltenen Reflgxen sowie bei hyperpyretischen Temperaturen bis zu 
42°. Zunahme des Erbrechens und damit auch exsikkotischer Erscheinungen und 
Exitus am 3. Tage nach plotzlichem Atemstillstand. Sektion verweigert. 

KI. M., 7 Monate. Aus Singen a. H. Aufgenommen am 27.2. 54. 

Anamnese: In der Umgebung des Kindes Grippe. Das Kind selbst hatte schon 
seit Ende Januar Fieber, Husten und Ohrenschmerzen, dazu Erbrechen. Am 13.2. 
wurde bds. parazentesiert. Das Fieber fiel aber nicht ab und da die Sekretion aus dem 
Ohr aufhérte, wurde am 17.2. antrotomiert. Es fand sich kein krankhafter Befund 
am Warzenfortsatz. 10 Tage vor der Klinikaufnahme trat dann Fieberabfall und eine 
Besserung ein, die aber nur 4 Tage anhielt. Dann erneuter hoher Temperaturanstieg 
mit heftigen Durchfillen. Kein Erbrechen. In dieser Zeit Leukozytenabfall von 
22600 auf 5600! 


Aufnahmestatus: Normal entwickeltes Kind im Zustand deutlicher, aber leichter 


Benommenheit, starker motorischer Unruhe und auffallender Blasse. Turgor und 
Tonus herabgesetzt. Etwas schwammiges Fettgewebe. Atmung der Temperatur ent 
sprechend. Lungen: kein krankhafter Befund. R6.-A.: wie bei Bronchitis. Tuberkulin 
reaktion negativ. R6.-A. der Mastoide: o. B. Stiihle wiissrig, spritzend, von hellgelbe: 
Farbe. Bakteriologisch einschl. pathog. E. Coli. negativ. 

Blutbild: Ery. 4,52, Hb. 88 %. L. 10000. J. 2, Stb. 16, Seg. 51, Ly. 25, Mo. 5, Plasma 
1. Katheterurin: Ery. + + +, reichlich granulierte Zylinder, wenige Leuko. 

Neurologisch: Ausser der Benommenheit kein krankhafter Befund. 

Verlauf: Schon nach 24 Stunden Fieberabfall, keinerlei Zeichen von Bewusstsein: 
triibung mehr, rasche Besserung der Stiihle und nach einem voriibergehenden G« 
wichtsstillstand auch wieder gute Gewichtszunahme. 


S. J., 8 Monate. Aus Freiburg i. Br. Aufgenommen am 28.2. 54. 

Anamnese: Franzésisches Kind. Vater an Grippe erkrankt mit Durchfillen. Kin 
selbst erkrankte 2 Tage vor der Aufnahme an Fieber, grosser allgemeiner Unruhe un 
Erbrechen. Kein Schnupfen, kein Husten. Am Aufnahmetag heftige, hellgelbe, wiis: 
rige Durchfille mit 39,8° Fieber. Am 4.3. erkrankte dann auch die 6jiihrige Schwest« 
an Grippe. 

Aufnahmestatus: Normal entwickeltes Kind. Grosse motorische Unruhe, schrei 
gellend hinaus und zieht die Beine an den Leib. Keine Exsikkose. Lymphdrise: 
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schwellungen im Nacken. Rachen gerétet, aber kein Schnupfen. R6.-A. der Lungen 
ohne krankhaften Befund. Gelbgriine, wiassrige, substanzarme Stihle. Bakteriologisch 
einschl. pathog. E. Coli negativ. Urin: o. B. 

Blutbefund: Ery. 4,18, Hb. 76%. L. 15200. Stb. 4, Seg. 21, Ly. 68, Mo. 7. Hirsttest 
1 u. II mit A, B, A, (F. M.) negativ. 

Neurologisch: Ausser der auffallenden motorischen Unruhe kein abweichender 
Befund. Liquor: Druck normal, Pandy negativ. i Zellen. L.-Zucker 41 mg% bei 
cinem BI.-Zucker von 57 mg%. Eiweisswerte an der unteren Grenze der Norm. 

Verlauf: Schon nach 2 Tagen Fieberabfall, rasche Normalisierung der Stiihle, kur- 
zer Gewichtsstillstand und dann stetig ansteigende Gewichtskurve. 


1). E., 6 Monate, aus Sleinach a. Kaiserstuhl. Aufgenommen am 11.2. 54. 

Anamnese: Mutter und Grossmutter des Kindes hatten eine Grippe. Am Tagevor 
der Aufnahme trat plétzlich Fieber bis 38° auf verbunden mit starker motorischer 
Unruhe. Gleichzeitig zahlreiche gelbe, schleimige, durchfillige Stiihle. Am Tage der 
Aufnahme morgens Hiimatinerbrechen (schwarze Massen!) und Kriimpfe. 

Aufnahmestatus: Normal entwickeltes Kind ohne exsikkotische Erscheinungen 
mit deutlicher Benommenheit, aus der es nur fiir ganz kurze Zeit wihrend der Unter- 
suchung zu erwecken ist. Leichte Rachitis. R6.-A. der Lunge ohne krankhaften Be- 
fund. Tuberkulinreaktion negativ. EKG-Befund zeigt eine Stérung der Erregungs- 
rickbildung. 

Blutbild: Ery. 3,67, Hb. 68 %. L. 13500. Eo. 1, Stb. 9, Seg. 55, Ly. 22, Mo. 13. 
Urin: o. B. Stithle zerfahren, wiissrig, gelb. Bakteriologisch einschl. E. Coli negativ. 
B. Proteus. 

Neurologisch: Allgemeine Hyperreflexie und positiver Babinski bds. Keine Bauch- 
deckenreflexe. 

Liquor: Druck nicht erh6ht, Pandy opal, !4/,; Zellen, L.-Zucker 19 mg% bei B1.- 
Zucker von 49 mg%! Eiweiss: Leichte Albuminvermehrung. E. Q. 0,17 Salzsiure- 
Collargol und Mastix-Kurven sprechen fiir ,,Encephalomyelitis“. 

Verlauf: Zwar trat noch 3mal Himatinerbrechen auf, aber der Zustand besserte 
sich bereits nach 24 Stunden. Die Stiihle wurden besser, die Benommenheit ver- 
schwand, das Fieber fiel ab und nach einem voriibergehenden Gewichtsstillstand 
nahm das Kind auch wieder zu. 
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Aus der Universitéts-Kinderklinik in Gé6ttingen. (Direktor: Professor 
Dr. H. 


Fortschritte in der Behandlung der tuberkulésen Meningitis 


von H. KLEINSCHMIDT und TH. SANTELMANN 


Seitdem der eine von uns (K.) im Jahre 1947 die ersten Behandlungserfolge 
hei der tuberkulésen Meningitis mittels Streptomycin an WALLGREN’s Klinik 
in Stockholm bewundern durfte, sind viele Versuche zur weiteren Ausgestal- 
tung dieser Therapie unternommen worden. Denn so eindeutig die Heilungs- 
moglichkeit dieser bis dahin tédlichen Erkrankung bewiesen wurde, so blieb 
doch die Zahl der Heilerfolge zunachst beschrdnkt, und es war deshalb nur 
natirlich, dass man sich bemihte, die Behandlung zu verbessern. Unbefriedigt 
waren — auch nach eigener Erfahrung (KLEINSCHMIDT, 1) — die Ergebnisse 
insbesondere im Sduglingsalter und ahnlich noch im 2. Lebensjahr. Will man 
daher iiber eine Verbesserung der Therapie berichten, so muss die Alters- 
zusammensetzung des Krankengutes geniigende Beriicksichtigung finden. Im 
iibrigen wird mit Recht immer wieder darauf hingewiesen, welche Bedeutung 
dem Zeitpunkt des Behandlungsbeginnes zakommt. HEEPE hat hierfir bereits 
1949 aus der G6ttinger Kinderklinik zahlenmassige Belege gebracht, und 
ZoELCH konnte dartun, dass selbst im Séuglingsalter ganz beachtliche Re- 
sultate zu erzielen sind, wenn die Erkrankung unter den Augen des Arztes in 
der Tuberkulose-Heilstatte auftritt und daher sehr frih in Behandlung ge- 
nommen werden kann. 

Die Zahl der Variationen in der Behandlung ist betrachtlich, ein Beweis 
dafiir, dass man — immer wieder nicht voll befriedigt — auf der Suche nach 
der optimalen Therapie geblieben ist. Diese Variationen bestanden erstens 
in der Anwendungsart und Dosierung des Streptomycins sowie in der Behand- 
ungsdauer. Dann sehritt man als zweites zur Kombination mit anderen Tuber- 
culostaticis, vor allem der Paraaminosalicylsiure (PAS), aber auch mit Sul- 
fonen und Thiosemicarbazonen. Unter den hier ebenfalls wieder zahlreichen 
\uriationen gewann eine Massnahme besondere Bedeutung, die deshalb hier 

dritte Methode bezeichnet wird, nimlich die neben oraler und intra- 
uskulaérer Behandlung gleichzeitige intralumbale Einverleibung von Strepto- 
yein, PAS und Solvoteben aus einer Spritze, woriiber erstmals HEEPE und 
“\NTELMANN berichtet haben. Konnte doch einerseits wahrscheinlich gemacht 

rden, dass Angriffspunkt und Wirkungsmechanismus dieser drei Mittel ein 
unterschiedlicher ist, andererseits liess sich auf diese Weise eine mehrstiindige 
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sehr hohe Konzentration im Liquor erzielen, wie sie auf anderem Wege nic!:t 
herbeigefiihrt werden kann. Dabei erwies sich die Mischung der drei Mitt«l 
in geeigneter Konzentration als durchaus méglich und vertraglich, womit die 
Behandlung zugleich eine Vereinfachung erfuhr. 

In neuerer Zeit gewann dann (viertens) grésstes Interesse die kombinier/e 
sehandlung mit Streptomycin und Jsonikotinsdurehydrazid (INH); ja, nachi- 
dem ein so bemerkenswerter Erfolg mit diesem Mittel bei den verschiedensten 
Tuberkuloseformen beobachtet und iiberdies seine auffallige Liquorgangiv- 
keit festgestellt worden war, verzichtete man wohl auch vollstandig auf 
Streptomycin und behandelte ausschliesslich mit INH, sei es nur oral, sei es 
oral und intrathekal. 

So ist die Behandlung der tuberkulésen Meningitis dauernd in Fluss ge- 
blieben, und die Meinungen iiber das optimale Vorgehen sind vorerst noch 
geteilt. Der einzelne verfiigt oft nicht tiber eine so grosse Krankenzahl, dass 
er sich ein geniigendes Urteil zu bilden vermag. So wichtig der persénliche 
Jindruck und die persénliche Erfahrung ist, so mtissen doch Sammelstatistiken 
zu Hilfe genommen werden, um zu einem definitiven Urteil zu gelangen. Aber 
selbst dabei ist es nicht méglich, alle — oft geringfiigigen — Variationen zu 
beriicksichtigen, sondern man halt sich zweckmassigerweise an die oben auf- 
gefiihrten 4 Sammelgruppen. Eigene Erfahrungen haben wir an 207 Kranken 
gewonnen. Die vergleichende Beurteilung wurde dabei durch die Tatsache 
erschwert, dass die Zahl der in unsere Behandlung gelangenden Kinder nach 
einem Hoéhepunkt im Jahre 1949 standig gesunken ist. Leider kann daraus 
nicht geschlossen werden, dass die Zahl der Erkrankungen ganz allgemein 
abgenommen hat. Jedenfalls wurde im benachbarten Hessen nach der Ge- 
samtstatistik eine Verminderung der Meningitiden von 1949—1951 vermisst 
(DAELEN). 

Mancherorts hat man fiir den Vergleich diejenigen Kinder ausgeschaltct, 
die innerhalb 3 oder 7 Tagen nach Aufnahme in die Klinik gestorben sind, 
weil sie ja nur sehr kurz der Behandlung unterworfen werden konnten, oder 
auch solehe, die wihrend mehr als einer Woche auswarts — meist nicht se!ir 
zweckmiassig — vorbehandelt worden waren. Will man allerdings zeigen, wis 
unter den obwaltenden Verhaltnissen geleistet worden ist, wieviel Kind«r 
tatsichlich gerettet wurden, so wird man das gesamte Material heranzieh«n 
und auf diese Weise verhindern, dass die Lage zu optimistisch beurteilt wird. 
Bei geniigend grossen Zahlen wird sich auch so, wenn vorhanden, ein Unt: 
schied in den Ergebnissen bei den verschiedenen Behandlungsmethoden «r- 
geben. Notwendig ist aber, dass ein Urteil tiber den Behandlungserfolg e's 
langere Zeit nach Abschluss der Behandlung gegeben wird, nachdem \ ir 
Recidive auch noch spat nach vollstandiger Sanierung des Liquors kennen. 

Bei der Streptomycinbehandlung ergab sich sehr bald die Frage, ob mn 
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sich auf die intramuskulare Injektion beschranken darf oder ob die gleich- 
zeitige intrathekale Applikation unumgianglich ist. Zweifellos bestehen gegen 
jegliche intralumbale Zufuhr von Medikamenten Bedenken. Es k6énnen nicht 
nur Verklebungen und Verwachsungen, sondern auch Nekrosen in Bereich des 
Nervensystems ausgelést werden. SCHALTENBRAND hat mit dieser Begriin- 
dung noch vor kurzem zur Zuriickhaltung aufgefordert. Es ist jedoch bekannt, 
dass sich bei intramuskulirer Behandlung der Miliartuberkulose eine Menin- 
vitis entwickeln kann, also eine vorbeugende Wirkung in dieser Beziehung wenn 
nicht gerade fehlt, so doch v6éllig unsicher ist. Dariiber hinaus wurde schon 
1947 in England vom Medical Research Council mitgeteilt, dass bei aus- 
schliesslich intramuskulaérer Injektion nur 11%, bei gleichzeitiger intralum- 
baler Injektion aber 35% der Kranken gebessert wurden. So entschloss man 
sich nach ahnlichen Erfahrungen — in Diisseldorf starben bei der nur intra- 
muskuléren Behandlung von 27 Kindern 26, in Hamburg von 16 Kindern 15 
(ERICHSON) — ganz allgemein zu der intrathekalen Behandlungsform. Richtig 
ist, dass Hérschaden nach intralumbaler oder gar intracisternaler Applikation 
eher zu erwarten sind. Diese halten sich jedoch in Grenzen. Nach unserer 
Erfahrung ist wirklich gefahrlich in dieser Hinsicht nur das Dihydrostrepto- 
mycin, weshalb HEEPE und SANTELMANN friihzeitig fiir seine Ausschaltung 
aus der Meningitisbehandlung eingetreten sind. Die von DEBRE zunichst 
empfohlene kurzdauernde Anwendung hoher Dosen ist sehr bald abgelést 
worden durch die tiber Monate fortgesetzte Applikation wesentlich kleinerer 
Mengen. DEBRE selbst hat die Verbesserung des therapeutischen Erfolges 
eindeutig demonstriert. Streptomycin-Spiegelbestimmungen im Liquor be- 
statigten die Richtigkeit dieses Vorgehens, veranlassten uns auch stets nur 
cine intrathekale Injektion am Tage vorzunehmen (HEEPE u. JENSEN). 

Wir haben aber diese Art der Behandlung tiber das FANconIsche Schema 
(vom Februar 1948) hinaus 3 Monate taglich fortgesetzt, im 4. Monat Strep- 
tomyecin nur intramuskular gegeben, im 5. Monat die friihere Behandlung 
erneut aufgenommen, um dann im 6. und 7. Monat wieder Streptomycin aus- 
schliesslich intramuskulir zu verabfolgen, gelegentlich aber haben wir noch 
int 7. Monat wieder intralumbale Injektionen gemacht, wenn die Liquor- 
sinierung noch nicht voll befriedigte. EricHsoN hat die Resultate aus 34 
chandlungszentren der Bundesrepublik, die mit dem von der UNICEF 
berwiesenen Streptomycin erzielt worden sind, zusammengestellt und uns 
frcundlicherweise tibermittelt. Es ergab sich, dass von 555 Kindern bei diesem 
oder wenig abweichendem Vorgehen 337 gestorben waren = 60,7 %. Auf die 

ersklassen verteilt, ergeben sich die umseitigen Ziffern. Die Ergebnisse 

ren also in den ersten 3 Lebensjahren, wie eingangs schon erwahnt, sehr 

befriedigend, wihrend in den spateren Lebensjahren wenigstens rund 50% 
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0-3 Jahre 4—7 Jahre 8—18 Jahre 
Zahl Gest. % Zahl Gest. % Zahl Gest. % 
270 195 122 160 78 48,7 125 64 51,2 


(mit und ohne Defekt) am Leben erhalten wurden. MOESCHLIN erhielt bei Er- 
wachsenen (sechsjahrige Nachkontrolle) nur eine Heilungsziffer von 20 %. 

Die danach notwendigen Versuche einer Kombinationsbehandlung erstreck- 
ten sich zunachst auf die Anwendung von Sulfon, einem Glukosid des Di- 
aminodimethylsulfons. FRONTALI hatte dieses Praparat seit 1940 bei mehreren 
Dutzend Fallen von Miliartuberkulose intravenés angewandt und konnte 
immerhin bei 4 Fallen eine Heilung erzielen, was er vordem noch nicht be- 
obachtet hatte. Allerdings bekamen diese Kinder spaéter noch Knochen- bzw. 
Gelenktuberkulose, die aber ebenfalls zur Ausheilung gelangte. Die bei 131 
Kindern mit Meningitis erfolgte Kombinationsbehandlung fiihrte zu besseren 
Ergebnissen, als wir oben fiir die reine Streptomycinbehandlung angegeben 
haben, obwohl etwa die Halfte der Kinder im Alter unter 2 Jahren stand, es 
ergab sich namlich eine Letalitat von nur 30,7 %. Von anderer Seite (DE TON!) 
wurde allerdings ein Nutzen von der zusétzlichen Sulfonbehandlung vermisst 
und diese daher wieder aufgegeben. 

Fir die Kombinationsbehandlung wurden dann die Beobachtungen von 
JocHIMS und HONERLA bei alleiniger Behandlung der Meningitis mit Thio- 
semicarbazonen (Conteben, Solvoteben) bedeutungsvoll. Die Verabreichung 
recht hoher Dosen, die nicht immer ohne Nebenerscheinungen blieb, ja das 
Leben bedrohte, liess in einigen Fallen betrachtliche Wirkungen erkennen, 
nicht nur Lebensverlingerung, sondern auch Liquorsanierung. Es war damit 
dargetan, dass die Kombinationsbehandlung mit diesen Praparaten sinnvoll 
ist. Andererseits brachte die Kombination von Streptomycin und Contebe: 
beim Meerschweinchen deutlich schlechtere Resultate als die Kombinatio: 
mit der noch dazu beim Menschen viel weniger toxischen PAS. Infolgedess 
fand die Behandlung mit PAS weit gréssere Verbreitung. Besonders erfreuli: 
wurden die Erfolge von LOFFLER, MOESCHLIN und ZOLLIKOFER, als sie 
intravenése Dauertropfinfusion einfiihrten, mit der sich taglich 30—40 g z:: 
fiihren liessen, so dass ein hoher und konstanter Liquorspiegel erzielt wurd«. 
Sie konnten von 41 Erwachsenen, soweit sie vor dem 10. Erkrankungstag 
ihre Behandlung kamen, 90% heilen, nach diesem Zeitpunkt immerhin no 
70% bei einer Beobachtungsdauer von 2 bis zu 4!/, Jahren (LOFFLER, MOES« 
LIN). Gleichwohl haben sich die genannten Autoren neuerdings der Kombi! 
tionsbehandlung mit INH zugewandt. 

Ehe wir hierauf eingehen, wire noch die kombinierte intralumbale Beha: 
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ung mit Streptomycin, PAS und Solvoteben (je 1—2 mg/kg) zu besprechen, 
die neben der intramuskulaéren Behandlung mit Streptomycin (30 mg/kg) in 
{yeutschland nach der Ver6éffentlichung von HEEPE und SANTELMANN weite 
Verbreitung gefunden hat. Die Behandlungsergebnisse tibertrafen in der Tat 
das, was wir bisher an der Géttinger Klinik gesehen hatten, ganz wesentlich. 
Unter den von ERICHSON zusammengestellten 1962 Fallen — um wiederum 
nur gréssere Zahlen zu nennen — fanden sich 341 Kinder, die die eben er- 
wihnte ,,Mischspritze“ erhalten hatten. Es handelte sich um 151 Kinder bis 
zu 3 Jahren, 102 4—7-jahrige und 88 8—18-jahrige. Entsprechend der gros- 
sen Zahl von Kleinkindern war die Gesamtsterblichkeit zwar noch immer 
verhaltnismassig hoch. Sie betrug namlich 51%, aber es ist dabei die Auf- 
teilung nach dem Lebensalter zu beriicksichtigen, die erst den Unterschied 
gegentiber den Erfahrungen mit der reinen Streptomycinbehandlung genii- 
gend hervortreten lasst. Von den 0—3-jahrigen sind namlich 63,5 %, von dem 
{—7-jahrigen 45% und von den 8—18-jaéhrigen 35,2 % gestorben. Auffallend 
war im tibrigen, dass die Rezidivneigung gegenitiber der reinen Streptomycin- 
behandlung vermindert wurde. Wir hatten z. B. unter 49 Fallen 3 Rezidive, 
wihrend wir zuvor mehr als das dreifache an Rezidiven sahen (bei 80 aus- 
schliesslich mit Streptomycin behandelten Kindern 16 Rezidive). 

Die Resultate reichen andererseits nicht an das heran, was LOFFLER und 
MOESCHLIN bei Erwachsenen mit der intravenédsen PAS-Dauertropfinfusion 
erreicht haben. Aber ganz abgesehen davon, dass in héheren Lebensalter die 
Aussichten bessere sind, ist diese Behandlungsform zumal bei kleinen Kin- 
dern praktisch einfach nicht langere Zeit durchfiihrbar. Man kommt bei der 
intralumbalen Applikation des PAS mit nur etwa 1/100 der fiir den Dauer- 
tropf benétigten PAS-Dosis aus und erreicht im Liquor bedeutend héhere 
PAS-Konzentrationen. Allerdings pflegt der Spiegel nach etwa 6—8 Stunden 
wieder auf den Ausgangspunkt abgesunken zu sein. Deshalb haben auch 
wir uns mit grossen Erwartungen der Kombinationsbehandlung mit INH 


zugewandt. 

Uber die INH-Behandlung liegen bereits zahlreiche Ver6ffentlichungen 
vor. Fust konnte in der ,,Therapie der Lungentuberkulose“ iiber 134 bis Juli 
1953 bekanntgegebene Meningitis-Falle berichten, die ausschliesslich mit INH 
behandelt worden waren. Hierbei wurden recht betrachtliche Mengen oral 
verabfolgt; z. B. gab RAMos 20—30 mg/kg. Wahrend er von einer guten 
Toleranz dieser Dosis spricht, fand Spress an der Géttinger Klinik nach 
ungefahr drei Wochen langer Verabreichung dieser Dosis in 2 desolaten Fallen 
‘| der Autopsie das Bild eines Leberparenchymschadens, d. h. vielfach auf- 
unscharfe Zellkonturen, stellenweise Sprengungen und Auflésungs- 

cheinungen im Balkchengefiige sowie vermehrte Zellinfiltration in den 
‘-ussonschen Scheiden, schliesslich grosstropfig verfettete Leberzellen mit 
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relativ kleinen dunklen Kernen. Neben volliger Wiederherstellung in 10 Fallen 
von 17 sahen RAmos und Mitarbeiter Defektheilungen, Rezidive und Tode.- 
fille. Danach will RAmos diese Behandlungsmethode fiir die Zukunft niclit 
etwa empfehlen. Die Alleinbehandlung mit INH hat ihm nur als Basis fiir 
die Einschatzung des tatsichlichen Wertes dieses Mittels gedient. Ahnlich 
hat sich HEILMEYER ausgesprochen, der 7 Erwachsene mit ausschliesslicher 
INH-Behandlung heilen konnte. 

Beide Autoren haben in schweren Fallen INH gleichzeitig intrathekal gv- 
geben, eine Methode, deren sich neben anderen auch GEHRT und neuerdings 
MARIANNE GROLL-KAHL bedient hat. Die Resultate der letzteren waren in.- 
merhin bemerkenswert, wenngleich hierbei je ein Rezidiv, ein Todesfall und 
eine Defektheilung beobachtet wurde und 4 Kinder kaum mehr der Behand- 
lung teilhaftig werden konnten, da sie innerhalb der ersten drei Tage starben. 
10 Kinder, darunter 4 unter 2 Jahren, sind aber — nach einer Beobachtungs- 
zeit von 7—14 Monaten zu urteilen — geheilt. Es ist also kein Zweifel, dass 
INH ein dem Streptomycin vergleichbares Tuberculostaticum ist. Dirfen wir 
es jedoch dem Streptomycin vorziehen? Nach den schlechten Ergebnissen, 
die wir im Sauglingsalter hatten, musste sich gerade hier zeigen, ob INH 
mehr zu leisten vermag. Wir konnten aber — abgesehen von einem Todesfall 
innerhalb von drei Tagen — bei zwei Saéuglingen nur eine Lebensverlangerung 
erzielen; es kam beide Male zu schweren Hirnschiaden. Die Ergebnisse waren 
also wenig ermutigend, so dass der eine von uns (K.) sich bereits im September 
1952 gegen die alleinige INH-Behandlung aussprach. Das geschah ungefilir 
gleichzeitig durch FANCONI, spater durch WISKOTT, und inzwischen hat auch 
GEHRT seinen zunachst geiusserten Optimismus verloren. HEILMEYER und 
MOESCHLIN sehen in der alleinigen INH-Behandlung vor allem die Gefalir 
der Resistenzentwicklung. 

Die kombinierte Sireptomycin-IN H-Behandlung hatten wir bisher Gelegen- 
heit bei 26 Meningitis-Kindern mit entsprechender Nachbeobachtung anzii- 
wenden. Von ihnen sind freilich immer noch 9 gestorben, davon 4 innerhalb 
4 Wochen; tiberdies befanden sich unter diesen Gestorbenen 5 Kinder unt«r 
3 Jahren, deren ungiinstige Prognose die Statistik seit jeher stark belasi:t 
hat, und darunter wiederum 1, bei dem der Tod innerhalb 3 Tagen erfolgi«, 
so dass es in anderen Statistiken vielleicht gar keine Aufnahme gefund:n 
hatte. Gegentiber unseren eigenen friiheren Ergebnissen halten wir die T.'- 
sache fiir bemerkenswert, dass von 3 Sauglingen 2 geheilt wurden und yin 
16 4—15-jaihrigen 10, wihrend nur 4 starben, davon wiederum 2 innerh«') 


der ersten 10 Tage. 

Andere Autoren berichten womdéglich von noch besseren Resultaten. (n 
der Zusammenstellung von Fust wird jedoch der Ausdruck Heilung in - 
betracht der relativ kurzen Beobachtungsdauer vermieden. KOTTGEN wd 
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{[ARTUNG melden immerhin, dass sie von 14 Kindern (darunter 5 unter 2 
Jahren) 9 klinisch geheilt haben. Sie gaben abwechselnd Streptomycin und 
| NH intrathekal, und zwar letzteres suboccipital, wodurch es dann allerdings 
anfanglich des 6fteren zu zentralen Reizerscheinungen kam. 

Uns erscheint dieses Vorgehen unnétig. MOESCHLIN will sogar auf Grund 
der grossen Diffusionsfahigkeit des INH auf die intralumbale Anwendung 
dieses Praparates verzichten und intralumbal nur mehr Streptomycin geben. 
loch ist die Zahl seiner Falle noch gering; auch ist zu bedenken, dass es sich 
um Erwachsene handelt. Im iibrigen zeigen die Untersuchungen von CASCIO 
und PURPURA, dass sicher bakteriostatische Konzentrationen fiir 24 Stunden 
nur zu erreichen sind, wenn INH 6-stiindlich 2 mg/kg oral und ausserdem 
intralumbal gegeben wird. 

Wir verzichten erst auf die zusatzliche intralumbale Anwendung von INH 
(1 mg/kg), wenn der Liquor saniert ist, und verabreichen dann noch mehrere 
Monate 10 mg/kg oral. Das Streptomycin ist zu diesem Zeitpunkt intra- 
muskulér nur mehr 3—2 mal wochentlich erforderlich. Individualisierendes 
Vorgehen empfiehlt sich in jedem Falle. 

Kin nicht zu unterschatzender Vorteil der INH-Kombination ist zweifellos 
die Méglichkeit, die intrathekale Behandlungsdauer herabzusetzen. Wahrend 
wir friher nur ausnahmsweise im 3. und 4. Monat eine Liquorsanierung sahen 
und dabei gleichwohl noch mit Rezidiven und Defektheilung zu rechnen 
hatten, oft genug das Ziel aber erst mit 7 oder 8 Monaten erreichten (s. 0.), 
so ist jetzt der gleiche Erfolg bereits mit 3 oder 4 Monaten vorhanden (siehe 
auch Rosst und ST6cKLI1). Rezidive haben wir erstmals bei dieser Behandlungs- 
methode nicht mehr erlebt, ebensowenig Hoérschiden. WiskoTtT allerdings 
beobachtete ein Rezidiv. Die bekannte Reizpleocytose, die nach intralumbaler 
schandlung mit Streptomycin — auch nach der oben erwahnten Misch- 
spritze — sehr gewohnlich im Liquor aufzutreten pflegt, wurde bei der Kom- 
bination von Streptomycin und INH in 2/, der Fille vermisst. Richtig ist im 
ibrigen, dass auch unter ausschliesslicher INH-Behandlung eine Reizpleo- 
cytose vorkommen kann. Das Liquor-Stoppsyndrom aber, das wir seit jeher 
fiirchten, ist bei dieser Behandlung seltener, auch wenn Streptomycin hin- 
zuvefigt wird. Eindrucksvoll war fiir uns die Beobachtung der Riickbildung 
des unter anderweitiger Behandlung aufgetretenen Liquor-Stoppsyndroms 
unter oraler INH-Behandlung. In diesem Zusammenhang ist von Interesse, 
dass nach einer Zusammenstellung von Fust 16 von 17 Rezidiven, die sich 
noch der alten Therapie eingestellt hatten, auf INH giinstig reagierten. 

So erfreulich sich die Weiterentwicklung der spezifischen Therapie gestaltet 

', so dirfen wir unsere Bestrebungen doch hierauf nicht beschranken. Denn 

stellt sich heraus, dass z. B. im Lande Hessen 1951 die Sterblichkeit an 


1 berkuléser Meningitis wieder auf 65% angestiegen ist (DAELEN). Offenbar 
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wirken sich die Verbesserungen der Therapie nur in einzelnen Behandlung -- 
zentren aus, kommen aber nicht im ganzen Lande zur Geltung. Mit der Au 
dehnung der Behandlung auf mittlere und kleine Krankenhauser nehmen die 
Therapieerfolge wieder ab (siehe auch WIskoTT). Das Deutsche Zentralko- 
mitee zur Bekaimpfung der Tuberkulose hat daher dringend empfohlen, die 
Kranken auch weiterhin so schnell wie méglich in fiir die Durchfiihrung der 
Behandlung eingerichtete Spezialkrankenhaéuser zu verbringen. 

Im iibrigen aber bleibt die Vorbeugung der Krankheit nach wie vor eite 
wichtige Aufgabe, sei es nun durch Verhinderung der Exposition, sei es durch 
INH-Behandlung aller Tuberkulosekrankheitsformen im ersten Kindesalter 
oder durch Resistenzsteigerung mittels der BCG-Impfung. Noch immer ge- 
langen allzu viele Kinder so spat in Behandlung, dass auch die beste Spezial- 
klinik keine Hilfe mehr zu bringen vermag. Auf der anderen Seite sind nur 
vereinzelte Kinder an Meningitis erkrankt, die der BCG-Impfung unter- 
worfen worden waren. Wir iiben die Impfung nach den Vorschlagen WALr- 
GREN’s seit Ende 1946 aus und haben selbst bisher nur ein einziges Kind 
gesehen, das in langerem Abstand, namlich 3 Jahre nach der Impfung an 
Meningitis erkrankte, tibrigens die schwere Erkrankung trotz spat einsetzen- 


der Behandlung iiberstand. 


Zusammenfassung 


Eine Ubersicht tiber die Behandlung der tuberkulésen Meningitis mit 
Tuberculostaticis zeigt, dass im Laufe weniger Jahre wesentliche Fortschritte 
erzielt worden sind. Zur vergleichenden Beurteilung der Ergebnisse ist die 
Kenntnis des Lebensalters und des Behandlungsbeginnes von Bedeutung. I's 
werden 4 Behandlungsformen unterschieden: 1. Streptomycin allein, 2. in 
Verbindung mit anderen tuberculostatischen Mitteln, 3. intralumbale Be- 
handlung mit Streptomycin, Solvoteben und PAS aus der Mischspritze, |. 
Streptomycin mit INH. Die letzte Behandlungsform ist als aussichtsreichs'¢ 
zu bezeichnen; sie ist zugleich die einfachste und schonendste, weil sie eine 
Abkiirzung der intralumbalen Behandlung erlaubt. Sie sollte méglichst frii!:- 
zeitig in zentralen Behandlungsstatten durchgefiihrt werden. Expositions- 
prophylaxe und BCG-Impfung bleiben trotz der bisher erzielten therapeu 


schen Erfolge dringlich. 
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L’Hibernation artificielle en pédiatrie 


par MARCEL LELONG 
avec la collaboration de R. JOSEPH, A. ROSSIER et G. DAVID 


La méthode de LABOoRIT, dite hibernation artificielle, a regu ses premicéres 
applications cliniques en anesthésiologie, puis, conjuguée ou non avec la 
transfusion et les injections de plasma ou de solutions électrolytiques, au 
traitement du choc traumatique, avec ou sans hémorragie. Les résultats 
obtenus devaient naturellement conduire a préciser les indications de la 
méthode en médecine interne. Apres d’autres auteurs, nous poursuivons 
depuis deux ans des recherches sur ce sujet. Ces recherches sont encore en 
cours; les faits observés sont d’interprétation délicate; notre expérience i 
besoin de s’élargir encore. Toutefois, dés maintenent, nous avons acquis la 
certitude que Vhibernation artificielle en pédiatrie, doit rendre des services, 
et qu’elle constitue un réel progrés thérapeutique, aussi important par ex- 
emple que la perfusion continue introduite par ScHick et KARELITZ. Aussi 
croyons-nous utile d’en faire connaitre dés maintenant la technique, et d’ex- 
poser nos premiéeres impressions. 

Définissons d’abord le mot dhibernation, puisqu’il a soulevé des discus- 
sions, et qu’il parait déconcertant ou obscur a certains. Nous acceptons le 
terme parce qu’a notre avis, il évoque d’une maniére imagée et suffisamment 
exacte les buts que Von cherche a atteindre. Toute définition suppose une 
convention, et, comme LABORIT, nous demandons seulement qu’il soit en- 
tendu que Vhibernation «artificielle» n’est pas identique, mais seulement 
analogue a hibernation «naturelle» des animaux spontanément hibernants. 
de méme que la respiration artificielle, autre méthode de sauvetage en cas 
dextréme urgence, n’est pas identique, mais seulement comparable a la re 
spiration naturelle et spontanée. 

Nous parlons @hibernation artificielle (ou @hibernation thérapeutique 
chaque fois que, par des agents médicamenteux, nous réalisons: 

1) inhibition des réactions neuro-végétatives aigués déclenchées par |’: 
gression, et, du méme coup, la remise en ordre du régime circulatoire pér 


phérique. 


2) une hypothermie dirigée, contrdlée, et, en conséquence, un état de 
ralentie avec hypométabolisme et réduction des besoins nutritionnels. 
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Une telle définition correspond 4 des faits réels, elle oriente aisément les 
indications thérapeutiques, celles-ci étant essentiellement les situations graves, 
catastrophiques, souvent terminales et pré-agoniques, que l’on sait bien main- 
tenant étre liées a la faillite du systeme neuro-végétatif. 


En pathologie infantile, ces syndromes neuro-végétatifs aigus, ou suraigus 
sont nombreux. Ils vont de la maladie post-traumatique (telle qu’on observe 
aprés les grands traumatismes physiques, avec ou sans hémorragies,) aux 
syndromes malins des infections, des intoxications, des brilures étendues, 
au syndrome toxique des nourrissons, au choc post-opératoire. 

Ces états sont caractérisés, non seulement par leur évolution souvent fatale, 
mais par le contraste entre la diversité de leurs causes et l’uniformité du 
tableau anatomo-clinique : ils représentent un «syndrome-réponse» de l’or- 
ganisme en perdition, le méme quelle que soit l’agression. 

L’image clinique est toujours la méme. Elle comprend des troubles de la 
regulation thermique (hyper- ou hypothermie), des troubles respiratoires 
(dyspnée, polypnée, respiration superficielle ou profonde), des troubles de iz 
circulation périphérique (cyanose, disparition du pouls, hypotension artéri- 
elle, affaissement des veines rendant leur ponction difficile, collapsus vascu- 
laire contrastant avec lintégrité du ceur, lequel peut étre vide de sang, 
oligurie, azotémie), des troubles de la conscience (torpeur, somnolence, fixité 
du regard), des troubles du tonus musculaire (résolution musculaire, relache- 
ment des sphincters), des troubles nerveux (convulsions, agitation, ataxie), 
des troubles digestifs (vomissements, diarrhée) et, quand Vétat est particu- 
li¢trement grave, des hémorragies diverses. 

L’image anatomique et méme histologique est tout aussi monotone: pas de 
lésions spécifiques, mais une congestion diffuse des viscéres pouvant aller 
jusqu’aé Vextravasation hémorragique et l’cedéme. 

Ce double tableau, clinique et anatomique, ressemble au syndrome expéri- 
mental Wirritation du systeme neuro-végétatif de REILLY. La constatation 
de cette analogie conduit, au point de vue thérapeutique, a l’emploi des 
avents médicamanteux capables de bloquer les réactions neuro-végétatives 
Cessives. 


Précisément, des progrés récents et trés remarquables de la pharmacologie 
ot mis & notre disposition des substances chimiques nouvelles, les ganglio- 
} -giques dérivés de la phénothiazine, qui, en paralysant la fibre pré-gan- 
goonnaire, empéchent l’influx nerveux sympathique d’arriver la synapse 
g nglionnaire. C’est leur utilisation qui a conduit 4 hibernation provoquée. 
I’. rmi ces corps, la pratique a retenu avant tout le Largactil (4560 R.P.), 


(ce nous associons habituellement au Phénergan (3277 R.P.), et parfois a la 
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novocaine, plus rarement encore au Diparcol (2987 R.P.). En plus de leu: 
action sur la fibre pré-ganglionnaire, ces corps sont doués d’une activité 
centrale, dont le mécanisme n’est peut-étre pas encore bien élucidé, mais qui 
n’en est pas moins réelle : ils sont hypnogeénes, hypothermisants, analgésiques 
et myo-résolutifs. 

Ces actions multiples, démontrées par Vexpérimentation sur l’animal, se 
retrouvent sur Venfant hiberné. En effet, dans le tableau clinique présent¢ 
par Venfant hiberné (tableau qui remplace, ou plus exactement recouvre 
celui de la maladie contre laquelle est faite ’hibernation), cing traits sont 
dominants: 

1) La somnolence, qui va du simple état crépusculaire, avec immobilité 
psycho-motrice (done disparition de Vagitation) a la perte plus ou moins 
complete de la conscience. 

2) L’hypothermie (done disparition de ’hyperthermie), la chute de tem- 
pérature étant réglée par la volonté du médecin : 36°C, 35°C, et méme moins. 
Personnellement, nous Whibernons jamais au-dessous de 35°C; Phypothermice 
pharmacologique suffit; nous n’utilisons jamais les applications de glace. 

3) Le calme respiratoire, di au ralentissement, a la régularisation du 
rythme respiratoire, et & la disparition du tirage. 

4) La régularisation de la circulation : la cyanose disparait en quelques 
heures, le teint redevient rose, le pouls se ralentit, est mieux frappé, plus 
plein; la tension artérielle, qui était effondrée, ré-apparait, et redevient 
mesurable. Cette transformation est toujours impressionnante : elle est due 
a la diminution des vaso-constrictions, a la reprise d’une circulation normale 
dans les artérioles et les capillaires, a la disparition de ’anoxie tissulaire. Ces 
effets circulatoires, qui sont a eux seuls un progres thérapeutique remarquable, 
réclament une précaution importante : il faut, en effet, veiller 4 maintenir 
un rapport suffisant entre la capacité du réservoir vasculaire (augmentée par 
la suppression des vaso-constrictions) et le volume de la masse liquidienne 
circulante, laquelle a le plus souvent été fortement diminuée par les hémorr:.- 
gies, par l’exhémie résultant de l’anoxie et par la déshydratation. La perie 
de ce rapport risque d’aboutir au désamoreage cardiaque, si la masse circu- 
lante n’est pas rétablie: aussi convient-il de noter que hibernation ne su} - 
prime pas, mais au contraire, implique la réhydratation, que celle-ci se fas-° 
par voie buccale (si ’enfant peut avaler) ou par voie intraveineuse par |: 
technique de ScHick et KARELITZ. 


5) L’établissement d’un hypométabolisme et la diminution des besoins sor t 
également des caractéristiques, déja évidentes cliniquement, du mala: e 
hiberné. Cet hypométabolisme est lié & Vhypothermie, lV’intensité des pr: - 


cessus chimiques diminuant rapidement, conformément 4 la loi de VAN ¢ 
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[loFF, 4 mesure que tombe la température. Les besoins alimentaires sont trés 
restreints, et plusieurs fois, nous avons constaté que le nourrisson hiberné 
ne perd pas, ou & peine, de poids, en dépit d’un apport alimentaire nul ou 
presque nul (bien entendu, en l’absence de tout cedéme). L’hibernation 
apparait done comme un moyen de faire supporter le jetine, et de réaliser 
sans perte de poids considérable le repos réel du tube digestif, indication qui 
simpose si fréquemment en pathologie du premier 4ge. La consommation 
doxygeéne, est trés diminuée, ce qui favorise encore la lutte contre l’anoxie. 
Enfin, pendant la réhydratation, on n’oubliera pas que les besoins en eau 
sont eux aussi, abaissés. Comme on le voit, le tableau clinique présenté par 
hiberné, a certainement une infra-structure bio-chimique a préciser : cette 
étude fait objet de recherches en cours. 


Ces données cliniques générales, permettent de fixer les indications majeures 
de Vhibernation thérapeutique chez l’enfant. 

L’hibernation est a envisager : 
— Quand des désordres circulatoires périphériques graves (shock, collapsus) 
font craindre la possibilité d’une mort rapide. 
— Quand Vhyperthermie, dépassant 40°C devient un danger par elle-méme, 
par Vhypercatabolisme qu’elle engendre et les lésions cellulaires (cérébrales 
et autres) qu’elle peut déterminer. 
— Quand Vagitation psycho-motrice est extréme, occasionnant linsomnie, 
favorisant elle aussi Vhyperthermie et Vhypercatabolisme. 


Ces trois conditions sont réalisées dans un grand nombre d’affections in- 
fantiles : toutes ont ce caracteré commun qu’elles correspondent a des situa- 
tions dramatiques, et font craindre dés le premier abord, une issue fatale. 

Au premier rang de ces syndromes neuro-végétatifs, vient l’état neuro- 
toxique (toxicose) du nourrisson, qui est le type du syndrome-réponse a des 
excitations variées, 4 des causes multiples. Il ne s’identifie pas a la déshydra- 
(ation aigué; il comporte, en plus, des signes nerveux, voire di-encéphaliques, 
et des signes de collapsus vasculaire périphérique. Quand la déshydratation 
ct le collapsus dominent, il va sans dire que, conjointement 4 Vhibernation, 
‘1. restauration de la masse liquidienne et la ré-hydratation s’imposent. Sous 
hibernation la ré-hydratation doit étre minutieusement surveillée, que les 
“olutions salines soient employées seules ou combinées a Vinjection de sang 
ou de plasma : en l’absence de réaction vaso-motrices, la surcharge circulatoire 

t dangereuse. On n’oubliera pas que sous hibernation, les besoins d’eau du 

ourrisson sont considérablement diminués, et lon n’injectera pas plus de 

) cm? de liquide par kilogramme en 24 heures. En cas de surcharge ’hépato- 

iégalie est un signe d’alarme 4 ne pas négliger. 
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Syndrome neuro-toxique. 


L’enfant R... Josiane, agée de 5 mois 1/2 est hospitalisée le 21 Juin 1953 pour u: 
syndrome neuro-toxique qui succéde 4 une période fébrile de 48 heures, avec vomiss 
ments et selles liquides. 

A Ventrée, c’est un grand tableau de toxicose : la température est 4 40°5, Venfan 
émet en jet des selles afécales et vomit tout ce qu’on lui donne. Les traits sont tirés 
le regard fixe, le teint gris avec cyanose des extrémités. 

La déshydratation tres marquée, parait globale et s’accompagne de collapsus vascu 
laire : le pouls et la T.A. sont imprenables; au cceur, on croit compter 200 battements 
minute. 

Il y a une polypnée a 90 sine materia. 

Enfin, un syndrome nerveux avec état adynamique entrecoupé de mouvements 
convulsifs. 

L’enquéte étiologique est négative. On injecte de la pénicilline (1 million d’unités 
par jour). 

Apres dénudation veineuse on injecte: 

- dune part 150 ce de plasma, puis 600 ce d’un mélange de sérum salé et sucré en 
24 heures. 

- d’autre part, des neuroplégiques qui sont administrés de la maniére suivante : 
une dose de départ de 7 mg 5 de Largactil, injectée en quelques minutes dans lc 
tuyau de perfusion; puis mélangés au liquide de perfusion : Largactil et Phénergan : 
3 mg 5/Kg/24h. et Dolosal : 2 mg 5/Kg/24 h. 

Dans les heures qui suivent, diminution progressive de Phyperthermie, de la tachy- 
cardie et de la polypnée. La cyanose disparait, la T.A. est prenable. Diarrhée et con 
vulsions cessent. 

Dans la matinée du lendemain : la température s’abaisse au-dessous de 37° et les 
signes de déshydratation ont disparu. 

On administre encore 2 mg de Largactil, Phénergan-Dolosal dans une perfusion qui 
doit passer en 12 heures. Puis on arréte les neuroplégiques, qui au total ont été admi 
nistrés pendant 37 heures. L’enfant sort guérie au bout de quelques jours. 


Le syndrome paleur-hyperthermie de Veczéma du nourrisson qui abouti! 
a la mort du nourrisson en quelques heures, nous parait comme la toxicose. 
une indication majeure de Vhibernation. 

Il en est de méme du syndrome paleur-hyperthermie post-opératoire te! 
que l’a décrit OMBREDANNE, et que connaissent bien les chirurgiens d’enfant 
et les oto-rhino-laryngologistes. Les opérations le plus souvent responsable. 
sont lantrotomie, le bee de liévre, les hernies congénitales, Vinvaginatio! 
intestinale, les angiomes. Les accidents surviennent dans les heures qui suive! 
l’intervention; ils se résument en une paleur subite, cadavérique, avec hype 
thermie extréme, polypnée sine materia; parfois un vomissement noir a: - 


compagne ces symptémes. La température continue a s’élever d’heure ¢' 
heure, atteint et dépasse 42°C, le pouls est incomptable, des convulsio: ; 
apparaissent, et la mort survient dans une syncope. Ce syndrome est surto! 

a craindre chez le nourrisson; on peut cependant l’observer chez Venfant pli - 
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grand, et nous avons pu, grace 4 hibernation, sauver d’une mort rapide un 
garcon de 6 ans, chez qui venait d’étre pratiquée une amygdalectomie: 


Syndrome paleur-hyperthermie post-opératoire. 


L’enfant L... Max, agé de 6 ans, subit une amygdalectomie le matin du 6 Juillet 
1953 : anesthésie avec 3 cc de chlorure d’éthyle pas d’hémorragie notable. 

Quelques heures aprés, la température s’éléve rapidement, et atteint 41° le soir, 
avee agitation et délire. 

Le lendemain matin, la température est 4 40°, et les troubles nerveux persistent, 
cependant que enfant se déshydrate. L’ingestion d’un litre d’eau dans la matinée ne 
modifie en rien ’hyperthermie, ni les signes nerveux, et l’enfant fait une crise convul- 
sive au début de laprés-midi. 

I] est hospitalisé, et ’on constate, outre les symptomes précédents, existence d’une 
dilatation des veines rétiniennes a l’examen ophtalmoscopique; par contre, le liquide 
est normal. 

Dans Vhypothése d’une septicémie déclenchée par l’amygdalectomie, on fait une 
hémoculture, qui reste négative. 

I] s’agit d’un syndrome pdleur-hyperthermie, bien que cet enfant ait déja 6 ans. 

On commence par le traitement habituel : réfrigération par vessies de glace et 
réhydratation par voie buccale et rectale. 

Malgré ce traitement, l’état s’aggrave encore. La température est toujours 4 40°; 
le facies tiré, le nez pincé. L’enfant est dans le coma vigil, entrecoupé d’agitation, 

sabinski bilatéral. Signes de collapsus vasculaire : la pAleur a fait place 4 une cyanose; 
le pouls est filant, misérable, 4 160. La T.A. abaissée de 12/8 4 9/6. On a impression 
mort imminente. 

Devant l’échee du traitement classique, on décide hibernation. 

A cet enfant de 15 kg on injecte, aprés dénudation veineuse 10 mg de 4560, 10 mg 
de Phénergan et 10 mg de Dolosal. Perfusion veineuse de 1200 ee, contenant 600 ce de 
s¢rum glucosé, 350 ce de sérum salé, 150 ce de sérum bicarbonaté, 100 ce d’eau distillée, 
ce mélange servant de liquide de dilution 4 60 mg de 4560 et a des doses égales de 
Phénergan et de Dolosal (ce qui correspond a un peu plus de 3 mg/kg/24 h.). 

Ces doses quotidiennes ont été administrées pendant 44 heures du 7 au 9 Juillet. 


Voici les résultats obtenus: 


la température descend trés réguli¢rement pour atteindre 37° C, a la 9°™° heure 
de Phibernation et 36°C a la 13°™° heure; a la 17°" heure, la température remonte 


37° C mais il suffit d’accélérer un peu le débit de la perfusion veineuse pour qu'elle 
redescende au-dessous de 37° C. 

la cyanose disparait en quelques heures; le pouls se ralentit, devient bien frappé, 
‘© une tension remontée a 10/5. 

lagitation disparait, puis le coma fait place 4 un sommeil calme; le signe de Ba- 
‘inski nest plus retrouvé que d’un cété, puis disparait. 


Comme seul effet indésirable : la rétention d’urine et la constipation qui nécessitent 
-pectivement le sondage et injection de prostigmine. 

|, amélioration se poursuivant, on cesse hibernation au bout de 44 heures, et 
n prescrit 0 g 10 de gardénal et 40 mg de Phénergan par voie buccale pendant 48 
ures, 

[’enfant sort le 12 Juillet. I] a été revu sans aucune séquelle. 
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Les formes malignes des diverses maladies infectieuses et des septicémie: 
surtout dans leurs aspects toxiques et ataxo-dynamiques (rougeoles, scarla 
tine, grippe, méningococcémie, streptococcémie, etc.) réalisent des situations 
dramatiques qui justifient le recours 4 hibernation artificielle. 


Septicémie a méningocoques avec purpura fulminans et méningite. 


D... Philippe, nourrisson de 11 mois jusque la bien portant. 

Brusquement, une nuit surviennent deux vomissements. Le lendemain matin : la 
température est a 40°, ’enfant est trés abattu. Quelques heures plus tard, apparition 
d’un purpura qui s’étend vite. On fait une hémoculture (qui sera positive au méningo- 
coque) et une ponction lombaire qui retire un liquide clair, mais on saura plus tard 
qu'il contient un méningocoque sensible aux antibiotiques. 

Avant la réponse du laboratoire, on prescrit pénicilline et streptomycine par voie 
intra musculaire, et sulfadimérazine par la bouche. 

Mais, 2 heures aprés l’admission, on assiste & une aggravation : enfant est adyna- 
mique, le teint plombé avec cyanose, le pouls filant, trés rapide, difficile 4 compter, Ja 
T.A. a 7. La respiration rapide et haletante. 

Par ailleurs, la température est toujours 4 40°, de nouveaux éléments purpuriques 
apparaissent, ainsi que du meloena. En somme : purpura fulminans avec collapsus 
vasculaire qui fait craindre la mort avant que les antibiotiques n’aient eu le temps 
d@agir. 

On décide dinjecter des neuroplégiques en perfusion veineuse dans du sérum 
glucosé-physiologique. 

Pendant 36 heures, l’enfant recoit : 3 mg de Largactil et de Phénergan et 1 mg de 
Dolosal par kg et par 24 heures. 

8 heures aprés le début des neuroplégiques : la température est descendue de 40°5 
a 36°. Le facies est calme, l'enfant parait dormir. Le pouls est bien frappé, la cyanose 
a disparu (ce qui semble indiquer la disparition du collapsus, bien que la tachyeardic 
persiste, dissociée d’avec la température, pendant toute l’évolution). La respiration se 
ralentit peu a peu. 

On n’observe plus de nouveaux éléments purpuriques. 

Apres l’arrét des neuroplégiques, la température remonte a 38° pendant 3 jours, et 
l’on continue les antibiotiques pendant 3 jours, bien que ’hémoculture soit négative, 
et le L.C.R. stérile. Puis, on cesse tout traitement et l'enfant peut étre considé: 


comme guéri. 


Les intoxiecations aigués graves et les accidents survenant chez les grands 
bralés, autorisent le recours a hibernation. 

Enfin, nous rangeons parmi les indications certaines, l’état de mal co! 
vulsif, quelle que soit sa cause, qu’il s’agisse du grand mal comitial, des 
encéphalites aigués infectieuses ou virales, de la chorée aigué hyperthermiqu: 
du délire aigu et de nombreuses affections psychiatriques. 

A ces indications qui nous paraissent évidentes, s’ajoutent d’autres affe:- 
tions pour lesquelles la décision ne peut étre prise qu’aprés discussion, |: s 
inconvénients de hibernation devant étre soigneusement pesés et pouva' ' 


conduire a l’éearter. 
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Tl en est ainsi des affections respiratoires. L’hibernation pourrait étre 
envisagée dans Vétat de mal asthmatique, dans la coqueluche apnéisante, 
é¢métisante ou convulsivante; mais jusqu’éa présent, nous n’en avons aucune 
expérience personelle dans ces cas. Nous avons pu vérifier lefficacité de 
hibernation dans les dyspnées suffocantes, graves d’emblée par leur reten- 
tissement circulatoire, qu’elles soient d’origine laryngée, bronchique ou pul- 
monaire : laryngite aigué suffocante, pneumothorax suffocant avec perfora- 
tion pulmonaire au cours de pneumopathies bulleuses. Dans les pneumonies 
ou broncho-pneumonies dyspnéisantes, dans l’cedéme aigu infectieux du 
poumon, nos essais sont plus difficiles 4 interpréter. L’hibernation nous parait 
i déconseiller chaque fois que la toux est un réel moyen de défense et ne doit 
pas étre supprimée. Par contre, en supprimant la cyanose, en régularisant 
la circulation pulmonaire, hibernation peut améliorer la situation; par le 
iparcol, elle peut méme contribuer a assécher les bronches et les alvéoles. 
Dans tous ces cas, si hibernation est essayée, du moins elle ne devra pas 
étre trop poussée. Elle devra étre faite sans perfusion veineuse pour ne pas 
surcharger davantage la petite circulation. 

Un autre cas difficile est celui du nouveau-né shocké et anoxique. LACOMME 
utilise Vhibernation pour diminuer les besoins en oxygéne, pour régulariser la 
respiration pulmonaire, et en rétablissant l’équilibre artériolo-capillaire, assurer 
une meilleure distribution d’oxygeéne aux tissus. Il applique aussila méthode aux 
prématurés shockés, dyspnéiques et cyanosés et aux nouveau-nés exsanguino- 
transfusés pour maladie hémolytique. Dans tous ces cas, les résultats peuvent 
étre bons a condition que la partie ne soit pas perdue d’avance par suite de 
existence de lésions graves des centres nerveux et de grosses hémorragies. 
Si les lésions sont réversibles, si les troubles ne sont que fonctionnels ou d’ordre 
vaso-moteur, le nouveau-né, grace & Vhibernation peut franchir heureuse- 
ment un cap difficile. Nous avons jusqu’a présent hiberné 49 nouveau-nés 
prématurés, tous shockés et anoxiques graves, et obtenu 17 survies, certaines 
avant succédé & une phase d’apparence agonique. 

Kin dehors de ces cas spéciaux, nous ne croyons pas quwil y ait lieu, a la 
periode néo-natale, d’étendre exagérément le champ de Vhibernation. Elever 
vstématiquement dans le froid des prématurés sains, nous parait une erreur 
‘hysiologique. Pour le prématuré plus encore que pour le nouveau-né a 

rme, le froid est un agresseur, un facteur pathogene a éviter. Le prématuré 
in sort d’un utérus & 37°5—38° : la régle doit étre de prévenir le refroidis- 
ment, de ne pas interrompre la chaine du chaud et d’avoir prévu tout ce 
(al permettra d’accueillir et de transporter le prématuré dans de bonnes 
nditions de température jusqu’a son incubateur. Quand, en l’absence de 
coins corrects, le prématuré a été refroidi, cette hypothermie ne saurait étre 
iintenue : prolongée, elle conduit 4 des troubles respiratoires graves, au 
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scléreme, & Vinhibition des fonctions nerveuses, a la mort. L’enfant doit étie 
réchauffé lentement, progressivement, par paliers suffisamment espacés, selon 
une technique bien réglée, et ramené peu a peu a 36°5—37°C. Pour nous, 
chez le prématuré sain et non accidentellement refroidi, V’hibernation na 
aucune indication. Chez le prématuré traumatisé ou shocké, Vhibernation 
peut avoir ses indications, comme chez tout nouveau-né, mais méme dans ce 
cas, ses indications et ses résultats sont conditionnés par l’étendue ou !: 
nature des lésions dues au traumatisme néo-natal, a l’anoxie ou au froid lui- 


méme. 


Il nous reste maintenant 4 donner quelques indications sur la technique 
de Vhibernation, telle que nous la pratiquons chez l’enfant. 

Comme chez l’adulte, elle suppose l'emploi simultané d’au moins deux 
médicaments : le Largactil, utilisé dans tous les cas, est associé soit au 
Phénergan, soit au Diparcol. L’action des deux drogues utilisées peut étre 
potentialisée par ladjonction de gardénal; celui-ci permet en effet, d’employer 
des doses plus faibles de neuroplégiques. 

La dose de départ est de 1 mg par kg, et par 24 h pour le Largactil, le 
Phénergan et le Diparcol; la dose d’entretien est variable selon les cas; elle 
se situe entre 2 et 3 mg de chacun d’entre eux, par kg et par 24 h. 

La voie @introduction est en général parentérale. Si lon a pratiqué une 
perfusion veineuse, les médicaments neuroplégiques sont mélangés avec le 
plasma ou les solutions salines injectées; la déshydratation et la réhydratation 
sont bien entendu, contrélées par les tests habituels (densimétrie, delta cor- 
rigé, électrocardionogramme). Quand il n’y a pas de perfusion, les médici- 
ments sont introduits par voie intramusculaire, les doses étant fractionnécs 
en 4 injections par 24 heures (1 toutes les 6 heures). Chez le prématuré, les 
injections intramusculaires répétées étant impossibles (ou contr’indiquées), 
nous donnons les médicaments par voie orale (ou plus exactement a l’occasion 
des repas pris a la sonde cesophagienne) et nous avons acquis la certitude 
que cette voie d’absorption était active. 

Jamais chez le nourrisson, nous n’appliquons de vessie de glace: le refroidis- 
sement pharmacodynamique suffit. 

La durée de hibernation ne doit pas excéder 2 a 4 jours. 

L’hibernation nécessite une surveillance minutieuse. Au départ celle-ci 
doit étre continue; plus tard c’est toutes les heures qu’il faut revoir le malace, 
noter la température, le pouls, la respiration, la tension arterielle. Cette sur- 
veillance n’est valable que sie elle est assurée par une équipe expérimentée. 

Les incidents sont de trois ordres. Les uns sont des incidents posturaux : ‘ls 
résultent de la vasoplégie, qui rend inerte le réservoir vasculaire. L’enfant 
doit étre couché exactement 4 plat, en décubitus rigoureusement horizont 1], 
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inon le sang est drainé vers la partie déclive, ce qui peut entrainer, en cas 

Vischémie cérébrale, de la tachypnée, de l’agitation. D’autres incidents sont 
dis au déséquilibre qui peut se produire entre augmentation de la capacité 
du réservoir vasculaire résultant de la suppression des vaso-constrictions 
et la diminution de la masse sanguine. D’ot tachycardie, hypotension artéri- 
elle et risque de désamorcage du cceur. D’autres résultent de l’insuffisance 
de blocage des mécanismes thermo-régulateurs et de la souffrance au froid; 
on vy remédie par Vadjonction de bouillottes ou en augmentant les doses de 
médicaments dépresseurs. Enfin, la rétention d’urine oblige 4 sonder le petit 
malade une & deux fois par jour, ce qui chez le garcon n’est pas toujours 
facile, ni méme sans danger. 

-armi les accidents, des thromboses intravasculaires sont 4 craindre si la 
température descend trop bas et entraine, aprés une phase d’hypocoagu- 
labilité, une hypercoagulabilité secondaire (que certains auteurs conseillent 
de neutraliser par des injections d’héparine). Jusqu’a présent nous n’avons 
pas vu d’accidents semblables et le taux de prothrombine réguli¢rement 
surveillé chez nos malades a toujours été normal. Au reste, nous ne laissons 
jamais la température de enfant descendre au-dessous de 35°, et nous crai- 
gnons Vemploi de Vhéparine. 

On peut aussi se demander si dans le traitement des syndromes infectieux, 
hibernation ne peut pas inhiber les mécanismes de défense anti-infectieuse. 
Iyaprés les derniéres expériences de REILLY, le contraire semble plus vrai- 
semblable. Par précaution nous associons cependant l’antibiothérapie aux 
médicaments hibernants. 

Au moment de la déshibernation, nous avons, dans quelques cas, obtenu 
difficilement le retour 4 un équilibre thermique normal, et observé pendant 
plusieurs jours, et méme plusieurs semaines, une hypothermie persistante 
entre 35°6 et 37°. Il y a la un probleme particulier 4 ’enfant trés jeune, dont 
les mécanismes régulateurs sont, on le sait, normalement si précaires. Ces 
faits doivent rester a l’étude. 

Enfin, un danger de hibernation est de camoufler les signes de la maladie 
et de masquer l’apparition éventuelle de complications. 


Malgré le nombre déja grand des cas ot nous avons utilisé Vhibernation, il 
ous est encore impossible de parler statistiquement des résultats obtenus. 
os constatations sont disparates; elles vont des succés éclatants aux échecs 
grants, en passant par des cas heureux, mais pour lesquels il est permis 

penser que les méthodes classiques auraient peut-étre suffi 4 amener la 
icrison. La plupart des échecs concernent des cas gravissimes, dans lesquels 
‘utopsie a toujours démontré l’existence de lésions organiques incompatibles 
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avec la vie, si bien qu’a leur propos on ne peut pas toujours parler d’échvc 
de la méthode. 

Au total, nos conclusions doivent rester modestes. Il ne faut surtout pis 
demander a la méthode ce qu’elle ne peut donner. Derriére Vhibernation |a 
maladie persiste et poursuit son évolution naturelle, curable ou incurable. 
Mais ce que l’on peut demander a la méthode, c’est d’agir au début des agres- 
sions, avant linstallation des lésions irréversibles. C’est d’étre une méthode 
de sauvetage, capable de permettre & lorganisme de doubler un eap difficile. 
L’hibernation n’est qu’un essai de traitement symptématique des troubles 
graves neuro-végétatifs qui marquent si souvent chez Venfant Vinstallation 
des maladies les plus diverses, et d’autant plus graves que l’enfant est plus 
jeune. A cété de hibernation, le traitement étiologique garde sa place pré- 
pondérante. 

Le role de Vhibernation est de donner au traitement étiologique le temps 
@agir. 

Méme ainsi définie, Vhibernation nous parait une conquéte thérapeutique 
valable. Elle permet de sauver des vies d’enfants; elle ne remplace pas les 
autres méthodes thérapeutiques : elle les compléte. Son avénement est en 
thérapeutique infantile une date presque aussi remarquable que celle de 
lintroduction par Suick et KARELITZ de Vinstillation veineuse continue. Elle 
permet de guérir des cas jusque-la désespérés. 


Résumé 


La méthode de LABorIT (dite hibernation artificielle) a des applications 
non seulement en anesthésiologie et en chirurgie, mais aussi en médecine 
interne. Depuis deux ans Jes auteurs s’efforcent de préciser ses indications 
en pédiatrie. 

Par hibernation, ils entendent la réalisation chez le malade, par des moyelis 
uniquement pharmaco-dynamiques, d’un état constitué par Vinhibition des 
réactions neuro-végétatives 4 Vagression (d’ot la remise en ordre du réginie 
circulatoire périphérique), et par une hypothermie contrdélée, aboutissant a 
la réduction des métabolismes, la mise en veilleuse de l’organisme. 

L*hibernation n’est qu’un traitement symptomatique et physio-path»- 
génique; elle n’est pas un traitement étiologique; il ne faut lui demander que 


ce qu’elle peut donner. 

L’enfant hiberné présente le tableau clinique suivant (lequel recouvre ¢ 
tableau de la maladie contre laquelle ’hibernation est pratiquée) : somnolen ¢ 
plus ou moins profonde, calme nerveux, calme respiratoire et circulatoil :: 
hypothermie avec diminution des besoins, d’ot résistance accrue & l’anox:e 
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et au jeine. Ce tableau clinique a une infra-structure bio-chimique qui n’est 
pas encore bien connue. 

Dans Vexpérience des auteurs, les indications principales sont : ’état neuro- 
toxique (toxicose) du nourrisson, le syndrome paleur-hyperthermie de l’ec- 
zoma, la maladie post-opératoire, les formes malignes, toxiques ou ataxo- 
dynamiques des maladies infectieuses, des septicémies, des intoxications, des 
brilures étendues, état de mal convulsif, les encéphalites aigués, les délires 
wugus. 

Les autres indications sont a discuter selon les cas particuliers : état de 
mal asthmatique, coqueluche apnéisante ou convulsivante ou émétisante; 
certaines affections respiratoires; schock néo-natal; anoxie néo-natale. Le 
prématuré sain et non accidentellement refroidi, n’est pas a hiberner. 

Le mélange actuellement utilisé par les auteurs est composé de Largactil 
(4560 R.P.) et de Phénergan (3277 R.P.) auquel est associé inconstamment 
le Dipareol (2987 R.P.). La dose de départ de chacun de ces médicaments 
est de 1 mg par kg/24 heures; la dose d’entretien de 2 & 3 mg/kg/24 h. La 
dose est donnée en instillation veineuse continue quand la déshydratation 
exige Winstaller un Schick-Karelitz; si non, elle est répartie en 4 injections 
intramuseculaires par 24 heures. Chez le nouveau-né le Largactil est donné 
par la bouche. 

La durée de Vhibernation ne doit pas excéder 2 & 4 jours. Elle nécessite 
une surveillance minutieuse et continue. Les incidents et les accidents qu’on 
peut observer sont décrits. 

I] n’est pas possible pour le moment d’apporter des renseignements sta- 
tistiques interprétables. Jusqu’ici la méthode, employée seulement dans des 
cas désespérés, est grevée d’une lourde mortalité. Mais elle a permis de sauver 
des enfants jugés irrévocablement condamnés. On peut penser qu’elle est 
capable de faire gagner du temps, qu’elle permet de «laisser passer Vorage» 
et qwelle donne au traitement étiologique (quand il en existe un) le temps 
(’agir. La méthode nous parait pleine de promesses; les essais en cours méri- 
tent détre continués. 
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From the Hospital for Sick Children, Great Ormond Street, London. 


Recovery from Acute Infantile Non-lipoid Reticulo-endotheliosis 


(? Letterer-Siwe Disease) 


by REGINALD LIGHTWOOD and J. P. M. TIZARD 


In 1940 WALLGREN suggested that Letterer-Siwe disease and Schiiller- 
Christian disease were really the same malady, and that their different fea- 
tures were explicable when the age of the patient and the duration of the 
disease were taken into account. In 1941 FARBER suggested that eosinophilic 
cranuloma was also a variant of the same disease process. 

WALLGREN’s hypothesis was supported by his description of a case which 
seemed to occupy an intermediate position between the generally accepted 
features of the two diseases. The present paper describes the illness of an 
infant which presented many of the clinical and pathological features of Let- 
terer-Siwe disease and yet ran a favourable course, a fact which might be 
taken as further evidence in support of WALLGREN’s view. Nevertheless, it 
is not our intention to discuss whether or not these two conditions are merely 
variants of the same disease process. This question has been the subject of 
many papers and has recently been reviewed in detail by SIwE (1949). It is 
probably a question which will not be settled until the aetiology of the reti- 
culo-endotheliosis is understood. 

The object of presenting the case is twofold, firstly to describe recovery, 
apparently uninfluenced by treatment, from a disease generally considered 
to be fatal and, secondly, to draw attention to the development of the disease 
in one only of uniovular twins. 


Case History 
Philip 


Philip S. is one of twin boys born on August 22nd 1947. His parents brought him 
to the Hospital for Sick Children on February 27th 1948, because he had developed 

llings in the neck. 

\t birth he weighed 6 lbs. 1 oz. (2.75 kg). He was bottle fed and his progress had 
heen satisfactory although his parents thought he was paler than Paul and more in- 

ed to whine. From about 3 months he had tended to keep his mouth open and his 

sue protruded. From their earliest days both twins had had rashes on the buttocks 

| legs. Neither twin had been in contact with any infectious disease nor received 
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Fig. 1. Philip aged 6 months showing enlargement of cervical glands and protruding tongue. 


vaccination or immunization. Both parents and elder sister were healthy. At 5'/, 
months Philip weighed 13 lbs. 12 oz. (6.24 kg). At about this time he began to sweat 
persistently and so profusely that according to his parents ‘“‘he steamed’’. One week 
later he developed a slight sniffle and on February 22nd 1948, when he was six mon! lis 
old, his parents noticed small lumps on both sides of his neck and in his groin. //is 
temperature that day was found to be 100°F (37.8°C) and his parents thought ‘lie 
feverishness had continued. The swellings in the neck increased in size. Paul remained 
well. 

On admission to hospital the following observations were made. Philip was a } le 
but well-nourished infant, not severely ill. His weight was 13 lbs. 15 oz. (6.32 |). 
His rectal temperature was 101,4°F (38.6°C). There was a dry scaly pink rash on ‘he 
legs which merged with a moist papular eruption on the thighs and buttocks extend ng 
to the anal margin. The appearance was that of an ordinary napkin rash of moder ‘te 
severity. There were no petechiae. There were several small cracks in the angles of ‘he 
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ACUTE INFANTILE NON-LIPOID RETICULO-ENDOTHELIOSIS 


Philip S. aged 6 months 
Penicillin 100.000 
units 1.M.3 hourly 
Sulphamezathine 
© 25GM3hourly | Tota! 14GM 


Penicillin 30,000 units 3 hourly 
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Total 
penicillin 


4,610,000 units 


Gland 
biopsy 40 
103-5 
Rectal 102- 39 
temperature 1004 38 C 
99-4 
in 984 
974 36 
12, 2 
Roc's Roc's 
Hoemoglobin in S4M/cu mm 4:6 M/cu.mm 


9 4 
grammes 1OOm! g J 
7 4 
6 J 
15,000 4 2% 
White blood cells 
10.000 J 3% Platelets 
89% 93% 
per cumm 
5,000 4 82% 
9% is% 
27) 29 2 4 6 8 10 !'2 14 16 18 20 22 24 


1948 February March 


Fig. 2. 
hospital admission. 


Chart of Philip’s temperature, blood counts and therapy during his first 


mouth and lower lip. The neck was generally swollen by enlarged lymph glands in the 
anterior cervical triangles more on the right than the left. These glands were firm, 
adherent to each other and to underlying tissues and a little tender on palpation. 
lis tongue was constantly protruded and this was thought to be due to enlargement 
of lymph glands in the floor of the mouth. There were similar enlarged and matted 


¢lands in the groins. There were several small discrete glands in the left 


axilla and one 


large and several small discrete glands in the right axilla. The epitrochlear and pop- 


litcal glands were not palpable. 


His mouth, throat, nose and ears appeared healthy. Dentition had not started. 
lhe spleen was just palpable; the liver was not enlarged. There were no other ab- 


normal physical signs. 


vestigations 


‘antoux tests 1:10,000, 1:1,000 and 1: 100 — negative. 

Blood culture negative on March Ist and 4th 1949. 

Wassermann reaction, Kahn reaction, Paul-Bunnell reaction, Wid 
negative. 


al reaction — 


Culture from the throat showed haemolytic streptococci, streptococci viridans, 


‘rine normal. Blood cholesterol 185 mg/100 ce. 
etails of the haematology are shown in the chart. The erythrocyte 
© was 29 mm/1 hour. 


litheroids and neisseriae catarrhalis, but no Corynebacteria diphtheriae. 
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Fig. 3. Microphotograph of section of left axillary gland. Biopsy at 6 months. 
Haematoxylin and eosin stains. x 90. 


X-rays of the chest and of the entire skeleton were normal. 

It was suspected that the adenitis was due to pyogenic infection. Sulphamezathine 
and penicillin were administered (see chart), but without any immediate effect. The 
general condition remained surprisingly good in spite of the fever and pronounced 
sweating. His weight did not decline. 

On March 8th a fine follicular eruption appeared on the trunk and disappeared 
within a few days. Its appearance was that of a sweat rash. On March 11th a lymph 
gland was removed from the right axilla under local anaesthesia. 

The biopsy report by Dr. Martin Bopian was as follows: 

‘*Macroseopical:— Fleshy gland, 2.5 « 1.5 em with yellowish-grey ‘necrotic’ central 
portion. Histology:— The lymph follicles are reduced to a minimum and the normal 
architecture of the gland completely obliterated. Reticular sinuses are grossly disten ed 
with masses of large reticulo-endothelial cells with pink staining cytoplasm. Many of 
these cells are bi- and multi-nucleated and there are a fair number of mitotic figures: 
polymorphonuclear leucocytes, including a fair number of eosinophils. have invaced 
these reticulo-endothelial cell deposits, especially where necrotic changes have ta! en 
place: stains for lipoid content are negative: examination of frozen sections for dou ly 
refractile crystals (cholesterol) under crossed Nicol’s prisms are negative. 
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“The histological findings suggest the diagnosis of acute infantile reticulo-endo- 
theliosis of the Letterer-Siwe type.” 

A tibial marrow specimen obtained by aspiration showed the following (Dr. I. A. B. 
(CATHIE): 


Premyelocytes . . . % Lymphocytes ... 15% Early normoblasts . 1% 
Myelocytes .... 5% ?Lymphoblasts .. 9% Late normoblasts . . 2% 
Metamyelocytes . . 25% 
Polymorphs ... . 


(Slight eosinophilia) 


‘A very cellular marrow with a great increase and left shift in the granular series. 
(White cell: red cell ratio = 24:1). The ? lymphoblasts might be part of the general 
left shift or might be some form of malignant cell. Gross relative diminution of red 
cells.”” 

Histological section of a portion of bone marrow also showed marked hypoplasia 
of the erythroblastic series and no reticuloendothelial cells were seen. 

On the basis of the clinical findings and the biopsy of a lymph gland the diagnosis 
of acute infantile non-lipoid reticuloendotheliosis (Letterer-Siwe type) was made. 
tadiotherapy was considered, but not given, because his temperature settled, all the 
glands became a little smaller and his general condition was good. Moreover, apart 
from a single injection of penicillin one year later, no further antibiotic or chemo- 
therapy was given. 

On March 24th 1948 the boy was taken home and in the course of the next 2'/, 
months gained nearly 4 Ibs. in weight, while the lymph glands gradually became 
smaller, But his general health was not yet satisfactory; he was miserable, slept poorly 
and sweated excessively, although no longer febrile. His tongue still protruded almost 
constantly and the napkin area rash persisted. 

On June 11th 1948, at the age of 91/, months, he was readmitted to hospital because, 
in addition to the symptoms already mentioned, he had loss of appetite and some 
vomiting. 

On examination he was a plump and healthy looking baby. There were numerous 
small firm glands in the anterior and posterior cervical regions and a few small glands 
in the axillae and groins. The liver was not enlarged, but the edge of the spleen could 
he felt about half an inch below the left costal margin. On palpation of the head two 
firm immobile subcutaneous swellings, a few millimetres in diameter, were felt in the 
right and left frontal regions and there was a rather larger nodule in the right 11th rib. 
These corresponded in position with areas of translucency in the skull and eleventh rib, 
and in addition other X-rays of the skeleton revealed many other bone lesions, which 
were not detectable on clinical examination. These lesions appeared as clear cut rounded 
or oval areas varying in diameter from a few millimetres to about three centimetres 
1 the following situations:— both lateral aspects of the frontal bone of the skull, in 
ix ribs, the upper ends of both humeri, the ilia, the upper and lower ends of the left 
cmur and the upper end of the right tibia. 

Haemoglobin 8.7 gm/100 ce. Leucocytes 7,900 per cusmm (Polymorphs 51 %, 
-ymphocytes 43 %, Monocytes 4 %, Eosinophils 2 %). Platelets 540,000 per cu.mm. 

On June 23rd 1948 biopsy material was taken from the region of a bone deposit 

the medulla of the upper end of the right tibia. Dr. Bopran reported:— 

“Macroscopic examination: two small fragments of soft tissue which is partly 
reyish red and partly yellow. Microscopy: A granulomatous lesion is present. The 
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Fig. 4. X-ray of Philip’s skull at age of 10 months shows two translucent areas in the 


frontal region (one on each side of the skull). 


central parts are formed of a network of reticulo-endothelial cells and eosinophilic 
leucocytes. These are surrounded by numerous lymphocytes, histiocytes and some 
plasma cells and polymorphs. The measure of the acuteness of the condition is the 


presence of large areas of necrosis with marked aggregation of eosinophils which ar 


also partly necrotic. Numerous lipoid-laden histiocytes are found in relation to the 


necrotic areas. Most of the lipoid is intracellular, but a good deal is also extracellular, 


presumably resulting from death of the histiocytes in the necrotic areas. It gives the 


staining reactions of neutral fat and no doubly refractile cholesterol crystals are found 
on examination under crossed Nicol’s prisms. 

The appearances of the bone marrow biopsy support the diagnosis of acute reticulo 
endotheliosis (Letterer-Siwe).”’ 

On June 30th 1948 the two skull nodules were no longer palpable and the nodul 
on the eleventh right rib difficult to feel. On July 22nd 1948 X-rays of the entir: 
skeleton showed no new bone deposits. There was little change in the radiological a} 
pearance of the bone deposits detected six weeks earlier, except for a possible exte1 
sion of the deposit at the head of the left femur, while the lesions in the ribs were 
little smaller. 

On August 4th 1948 he had coryza and was rubbing his ears. He was again sleepin 
badly and sweating excessively. His tongue still protruded. The tonsillar and inguin: 
glands were still palpable, but none was felt in the posterior cervical regions or axi 
lae. The liver was now palpable about 5 cm below the right costal margin, but th 
spleen was not felt. Myringotomy was performed for otitis media; the pus was e) 
amined microscopically but no reticulo-endothelial cells were seen. 

On August 21st 1948 (aged 1 year) he weighed 21 lbs. (9.53 kg). He appeared to | 
in better health than at any time since his first admission to hospital. The lym] 
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Fig. 5. X-ray of Philip’s legs at age of 10 months. Deposits at the upper and lower 
ends of the left femur and the upper end of the right tibia. 


glands were now small enough to be regarded as normal with the exception of one 
fold of adherent glands in the left groin. His belly was protruberant; the liver remained 
enlarged and the spleen was once more palpable about 3 em below the ribs. The swel- 
ling on the right eleventh rib could still be felt, but there were no other skeletal nodules. 
X-rays showed no change in the areas of bone replacement, but some compression of 
ihe ninth dorsal vertebral body. 


Haemoglobin 9.9 g/100 cc 

Erythrocytes 3,830,000 per cu.mm 

Leucocytes 9,600 per cu.mm (polymorphs 44 %, lymphocytes 55%, monocytes 1 %) 
Cholesterol 200 mg/100 ce 

Erythrocyte sedimentation rate 19 mm/1 hour. 

Urine was normal. 


In October 1948 (aged 14 months) he was an active and healthy child. He weighed 
24 Ibs. (10.89 kg). The lymph glands, liver and spleen were smaller and the last re- 
aining subcutaneous nodule (that on the rib) could no longer be felt. Dentition was 
roceeding normally. The only new finding was of several small faintly depigmented, 
‘/idefined, flat or slightly raised areas of skin on the back and near the knees. These were 
‘ill present one year later, but less obvious and they eventually disappeared. 
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Fig. 6. Philip and Paul aged 27 months. 


In November 1948 X-rays of skeleton began to show improvement. There was some 
remineralisation of the lesions in the humeri, the upper end of the left femur, the ilia, 
the spine and the ribs. The lesions in the skull and at the lower end of the right femur 
could no longer be seen. 

When re-examined in March 1949 (aged 19 months) Philip appeared well. He had 
Jearned to walk. A few small glands were palpable and the liver was still enlarged. He 
weighed nearly 30 Ibs. (13.61 kg), 11/, lbs. more than Paul. X-rays then showed norma! 
appearances in all bones except for small translucent areas still remaining in the upper 
end of the right tibia and the upper end of the left femur and in the pelvis. 

In November 1949 (aged 2 yrs. 3 months) he weighed 33 Ibs. 11 oz. (15.28 kg), 4 oz. 
more than Paul. He was well but his parents considered that he was ‘‘highly strung” 
compared with his brother. His lymph glands were rather more numerous and slight] 
bigger than those of his brother and his liver was a little larger. His haemoglobin was 
11.3 ¢/100 ce (Paul’s 11.6 g/100 ec). Their white cell counts were respectively 12,200) 
per cu.mm (neutrophils 73 %, lymphocytes 27 %) and 8,300 per cu.mm (neutrophil 
61 %, lymphocytes 39 %). X-rays of Philip’s skeleton showed much the same a) 
pearances as those of 8 months earlier. 

Both were admitted to hospital, Philip for bone and skin biopsies, Paul to keep hir: 
company. 

On December Ist 1949, Mr. E. LLoyp removed a small portion of medullary bone 
from the upper end of the left femur and a piece of skin which included one of the 
depigmented areas from the left leg near the knee. 

Biopsy of the depigmented skin showed on microscopy slight atrophy of the e} 
dermis, thinning of appendages and mild hyperkeratosis. There was no granulomatot : 
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lesion present. Biopsy of the bone and marrow was normal, but it was not certain if 
the specimen was removed from the exact site of the previous lesion. 

Since then both boys have been re-examined several times a year. Apart from up- 
per respiratory tract infections they have remained well. Both have had rubella, 
chicken pox and mumps, Philip having milder attacks than Paul, and when Paul 
developed measles at 5 years of age, Philip did not although in close contact. Philip 
still sweats more at night than does Paul. Compared with Paul, Philip is less forward 
at school work, but in boxing contests he is usually the victor. 

Philip had radiological surveys of his entire skeleton in October 1952 and July 
1954 (6 years 11 months) and no abnormality was found. 

At the last clinical examination in April 1954 (aged 6 years 7 months) he appeared 
in good health. His height was 471/, inches (120 em) and his weight was 55 lbs. (24.95 
ke), #/, ineh and 1/, lb. less than his brother. His cervical and inguinal glands were no 
bigger than his brother’s and within normal limits. Neither his liver nor spleen were 
palpable. Both boys have mottled skin—especially on the thighs and forearms. 


Paul 


Paul weighed 6 Ibs. 8 oz. (2.95 kg) at birth. His early management and development 
were like his brother’s, but when Philip was taken ill, he remained well. Like his 
brother he had had a persistent napkin rash. He was examined at the age of six months 
when Philip was first admitted to hospital. At this time he had some small, freely 
mobile glands in the posterior triangles of the neck, in the axillae and groins. These 
glands were not thought to be exceptional and a biopsy of two glands from the left 
groin on March 23rd 1948 revealed no abnormal histology. Neither liver nor spleen 
were enlarged. In June 1948 his parents reported that he was sweating profusely, but 
not as much as Philip. Like Philip he tended to keep his tongue protruded. At this time 
there was no unusual lymph glandular enlargement, but the spleen was just palpable. 

Unlike Philip his blood counts showed no anaemia and lymphocytopenia. 

Radiological surveys of his skeleton in March, August and November 1948, and 
March and November 1949, showed no abnormality. 


Summary of Case History 


Philip is one of apparently uniovular twins. At the age of 6 months he 
developed fever and generalized adenopathy. He was admitted to hospital 
and treated with penicillin for three weeks and sulphamezathine for one week. 
This treatment had no immediate effect on his condition, but the fever and 
glands gradually subsided. No other treatment was given. Biopsy of a gland 
showed changes characteristic of Letterer-Siwe disease. At the age of 6 months 
\-rays of the skeleton were normal, but at 9 months translucent areas of 
hone replacement were found in many bones. Biopsy of one lesion confirmed 

ie diagnosis. These lesions were still present at 14 months of age, but had 
‘most entirely disappeared at 19 months. The child is now nearly 7 years old 

d appears to be in good health. There has never been any evidence that 

is twin, Paul, has had a similar illness. 


462 R. LIGHTWOOD AND J. P. M. TIZARD 


“vidence Concerning Zygosity of the Twins 

The twins were said to have shared one placenta. As may be seen from th 
photographs they are almost indistinguishable in appearance and they hav: 
been regarded by their parents as ‘“‘identical’’ twins. 


A detailed analysis of the features of the twins and their parents was made 


by Dr. C. O. CARTER (see Table 1). 


TABLE 1 


Father Mother Twins 

Hair Dark (since birth), straight, | Fair, fine, wavy as mother 
coarse 

Eyes Dark brown, diffuse iris | Hazel, variegated pattern | as father 
pattern 

Ears Large, round, unfolded, | Small, pointed, folded, as mother 
unattached lobe partially attached lobe 

Nails Rounded, longer than Spatulate, broader than as mother 
broad long 

Frontal sutures| Keeled Sunken as father 

Build Stocky Medium as father 


The blood groups of the parents and twins were determined by Dr. R. 


RACE (Lister Institute), see Tabie 2. 


TABLE 2 


Father Mother Twins 

A, A, A, 
R,R, (CDe/CDe) {or (cDe/ede) R,R, or Ryr 
(CDe/cDe or CDe/cde) 

M;Ns (MM)S MSMs 
pp Pp pp 

Lewis Lewis + Lewis — 
Kell Kell — Kell — 


Thus as regards their features there are at least eight points in which t! 
parents differ and the twins resemble each other closely. In addition t! 


parents differ in three blood groups, which are certainly identical in the twin:. 


Ridge counts of the finger prints provide additional evidence of uniov:. 


larity. (Kindly examined by Dr. ELIoT SLATER and Mr. W. L. B. Nix: 


Genetics Unit, Institute of Psychiatry.) See Table 3. 


= 
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TABLE 3 
Twin fingerprints. 


(See SLATER (1953) M.R.C. Special Report Series) 


Twin Paul Philip 
| Digit rh lh rh lh 
| 
R 14 8 11 14 
I UL UL UL UL 
U 
Il A RL TE RL 
U 4 ll 3 
| R 6 9 6 8 
| TI UL UL UL UL 
U 
R 18 15 13 16 
IV UCP UL UL UCP 
U 5 3 
| R 15 14 16 14 
V UL UL UL UL 
U = 
|- 
| R 53 99 46 58 110 52 
| 
U 5 9 4 ll 17 6 
Total 58 108 50 69 127 58 


Total Ridge-Count Difference =19 
(indecisive) 

Pattern-type Differences = 3 
(indecisive) 


Logarithmic Differences Logarithmic Discriminant 
Radial Sp= 1.664 D=8+12.4 T= 2.965 
Ulnar Sy= 2.556 (at P {U}= P {B} D=5.91) 
Total S = 4.220 (mean D for U pairs = 3.40) 


Total Ridge Count 7 = 0.060 


(favours Uniovular) 


Conc.Lusion: Very probably Uniovular 


| 

N 
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Comment 
I. Nature of Philip’s Illness 


Philip suffered from a disease in which there were enlargement of lymp: 
glands, liver and spleen and skeletal deposits. Biopsy of a lymph gland ani 
a bone deposit showed masses of large reticulo-endothelial cells, obliteratin: 
normal structures. 

Whether this primarily non-lipoid reticulo-endotheliosis should be called 
Letterer-Siwe disease depends in part on the view taken of the proprietary 
interests of those who first name a clinical condition. It is worth while com- 
paring SIwe’s eight criteria, which were adopted by ABT and DENENHOLZ 
(1936) for the diagnosis of Letterer-Siwe disease, with the features of Philip's 


illness. 


1. Enlargement of liver and spleen.—During the first stage of Philip’s ill- 
ness there was slight enlargement of the spleen and none of the liver, but 
later there was a considerable enlargement of both organs. 

2. Petechial rash.—At no time in the course of his illness did Philip exhibit 
any haemorrhagic tendency. (WALLGREN (1940) has included dermatitis, 
seborrhoeic or eczematous as a feature of reticulo-endothelial diseases. Philip 
developed a severe napkin rash in early infancy and a mild generalized fol- 
licular rash on the trunk during the early stages of his illness. One cannot be 
certain that either rash was caused directly by the reticulo-endotheliosis. 

3. Enlargement of lymph glands.—Generalized enlargement of lymph 
glands marked the onset of Philip’s illness. In the early stages the glands in 
the neck and groins were ill-defined and matted together and not, as de- 
scribed by Siw, discrete, but they became so later when the periadenitis 
subsided. 

4. Localized palpable tumours over the bones and radiological evidence of bon: 
involvement.—In both respects our case resembles the published case report 

5. Secondary anaemia. Normal leucocyte count.—Philip had a moderate 
degree of anaemia at the onset of his disease. 

In the early stages, the peripheral white cell count showed a considerab'e 
lymphocytopenia and a slight polymorphonuclear leucocytosis. Lympho- 
cytopenia occurs in several of the reticuloses (ROBB-SMITH (1947)) but h 
not been a feature of previously recorded cases of Letterer-Siwe disease. T! 
platelet count was normal. 

6. Splenic puncture.—This examination was not carried out in our ¢as°. 

7. Non-hereditary fatal illness of unknown aetiology.—SiweE states th it 
“The disease is neither of a hereditary nor of a familial character, and it «°- 
curs exclusively in infants. The onset is acute and is unrelated to infecticn. 
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‘The course is gradually downhill, and the duration of the disease has varied 
‘rom a few weeks to several years. The etiology is unknown.”’ 

The absence of hereditary or familial features is discussed below. The onset 
in our case began acutely in infancy. It was unrelated to infection unless the 
inild nasal cold and fever which preceded enlargement of the glands by one 
week is regarded as significant. 

WALLGREN (1940) has criticised the view that a disease in other respects 
entirely similar to Letterer-Siwe disease should be considered as a separate 
entity—“‘infectious reticulo-endotheliosis”—if associated with a common- 
place and mild infection. We agree with his view that “it would be difficult 
to find a single case of non-lipoid reticulo-endotheliosis, in which it can be 
proved for certain that no infection was present” and that an exceedingly 
rare disease which appears after a common infection cannot be said to be 
caused by that infection. 

As regards the known infections listed by SIwE (1949) as causing reticulo- 
endothelial prolification and local granuloma formation, typhus can be ex- 
cluded on clinical grounds, tuberculosis by the negative Mantoux test and 
guinea-pig inoculation, syphilis by negative serology in the parents and the 
twins and sporotrichosis, mycosis fungoides and histoplasmosis by the histo- 
logical studies. FISHER (1953) has recently reported a case resembling Letterer- 
Siwe disease in which a paracolon bacillus (Arizona group) was recovered by 
blood culture and culture of two biopsy specimens. In our case two blood ecul- 
tures gave no growth in 48 hours; biopsy specimens were not cultured. 

As regards the course of the disease in our case, enlargement of the liver and 
spleen took place several weeks after the onset of the illness and after the 
lymph glands had begun to subside and the bone lesions, not present at the 
onset of the illness, were discovered 4 months later and without further 
deterioration in the child’s general condition. These bone lesions persisted 
for some six to nine months. The whole illness cannot be said to have lasted 
longer than 14 months. 


8. The pathological changes.—The pathological changes in the lymph gland 
examined in our case were strikingly similar to those reported by SIwE. The 
iormal architecture was distorted by the large round cells with pale-staining 

toplasm and darker eccentrically placed nuclei. Some giant cells were 
esent and the cells contained no lipoid. Biopsy of an osseous lesion three and 
ialf months later showed similar changes, including infiltration with nume- 
is eosinophil leucocytes and fat-, but not cholesterol-, laden histiocytes. 


~ 


Conclusion.—Thus although our case differed in some respects from other 
ported cases of acute non-lipoid reticulo-endotheliosis, its main features 
re very similar. Whether it should be called Letterer-Siwe disease depends 
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on how strictly one should adhere to the criteria laid down in the paper hy 
ABT and DENENHOLZ. 


II. Recovery from Letterer-Siwe Disease 


Out of approximately forty reported cases of Letterer-Siwe disease, there 
are now six in which apparent recovery has taken place. Details of these are 
summarized in Table 4. In four cases recovery is attributed to the use of anti- 
biotics and, in one, to cortisone. It is difficult to believe that the short course 
of penicillin and sulphamezathine given to our child can have played a de- 
cisive part in his recovery. The bone lesions developed either during or after 
his course of treatment and they subsequently disappeared spontaneously. 
Moreover the enlargement of liver and spleen also took place after treatment 
had been stopped. Authors of previous case reports agree that penicillin alone 
was ineffective. It thus seems that spontaneous recovery from Letterer-Siwe 
disease is a rare possibility. Nevertheless, the authors would not suggest that 
any of the five cases described previously would necessarily have recovered 
without treatment. Judging by the reports each child appears to have been 
iller than ours and improvement has coincided with the giving of antibiotics. 

These reports again raise the question of an infective aetiology in Letterer- 
Siwe disease. It is clear that repeated blood cultures and cultures of biopsy 
specimens should be carried out in every case. As emphasized by FISHER 
(1953) the recovery of organisms usually regarded as non-pathological must 
not be incautiously dismissed as due to contamination. 

In our present lack of knowledge it would seem reasonable to give anti- 
biotic treatment in cases in which there is continued fever, loss of weight, 
haemorrhagic manifestation or other evidence of deterioration. There is also 
the possibility of secondary infection and this might account for the apparent 
success of antibiotic treatment in the reported cases. 


III. The Healthy Twin 


SIWE is quoted by ABT and DENENHOLZ (1936) as stating that ‘“‘The dis- 
ase is neither of a hereditary nor of a familial character’. As the disease 
has not occurred in siblings of the great majority of reported cases, a reces- 
sive or multifactorial inheritence seems improbable. The existence of a domi- 
nant mutent would be impossible to establish in a disease hitherto fatal in 
infancy. The occurrence of the disease in more than one member of a fami'y 
(as in the uniovular twins reported by BIERMAN et al. (1952)) might be due ‘o 
the result of a common environment. Proof that the disease is not who! y 
determined genetically is provided by its occurrence in one only of uniovu! :r 
twins—that is to say in individuals having identical genetic structures. T 


1 


disease. 


from Letterer-Siwe 


Reeovery 


= 
a 


467 


ACUTE INFANTILE NON-LIPOID RETICULO-ENDOTHELIOSIS 


ore 


UBEq OABY 0} Aq jo 


Svsinoo I 


-OST 


yueseid 
SUOISe] 


wi [[ ‘sud 9 


‘ul OI 


‘ul g ‘sid ¢ 


‘ul g ‘sik 


‘ul 


syoom § 


(syquou 

pun syjuow woafiw 
pun 


syaem 


syquowu 

pun syjuow 
yoom 
syoom 


syquow wohku 

pup 
‘urshuoainn ‘urpouag 
syaan g 
pun wohuoainn 
Adesoyyorpey 


syaan 
pub uvohuoaimn 
shivp 
F 


syaan 


pue purly 


euog 


einjound 


ulyg 


pue 


usejdg 


syyuout Fe 


4 


C 


SyooM [] 


) 


(2) 


syquoul g 


SUIAT, 


£ 


syjuoU g 


re) 
syjuour 


Y GOOMLHDI'T 


YaAHSIY 


qa 


NOSNouy 


Asdorg 


syisod 


0 
0 + 0 ++ 
+ + +4 
0 + t 
+ + ++ + 
| | spuepy 
jo 


qosuo 
jo ody 


at 


we 


Wildy 


IJ 


pues J0oyyny 


| 
e 
I 
\ti- 
le- 
ter 
ly. 
‘nit 
ne 
_| 
ed 
en 
CS. 
T- 
ER 
= z + + = + 
{i- 
[Us 
) 
it 
Cc 
| 
\- 
| 
n | 
0 
| 


468 R. LIGHTWOOD AND J. P. M. TIZARD 


evidence in favour of uniovularity of our twins is overwhelming. It is possibl«, 
of course, that Paul had the disease in a mild and clinically undetectable 
form, but one can say with assurance that heredity cannot be entirely res- 
ponsible for the production of the overt disease. 

On the basis of the occurrence of a fatal illness considered to be Letterer- 
Siwe disease, in a 3 month girl and a similar fatal illness in an infant sister 4 
years later, REESE and LEvy (1951) conclude that an inherited rather than 
an environmental cause is favoured. While a single example of the disease 
occurring in one of uniovular twins cannot be held to exclude the possibility 
of an hereditary predisposition, it is clear that other factors must be involved 


in its causation. 


Summary 


1. A case of non-lipoid reticulo-endotheliosis involving lymph glands, bones 
and probably liver and spleen in a 51/, month boy is described. 

2. The boy made a complete recovery which did not seem to have been 
influenced by treatment. He is now nearly 7 years old and is well. 

3. At no time did his identical twin exhibit any symptoms of the disease. 
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Cystic Fibrosis of the Pancreas in Patients Over Ten 
Years of Age 
by RUSTIN MCINTOSH 


Cystic fibrosis of the pancreas remains a serious illness in spite of our in- 
creasing understanding of its nature. Patients who survive beyond early 
childhood are still not numerous, although with early diagnosis and a con- 
stantly improving armamentarium with which to combat its symptoms and 
its complications there is reason to hope that the number of those who reach 
puberty and adolescence will increase steadily. Out of a large group of patients 
kept under continuing supervision by my colleagues D. H. ANDERSEN and 
P. A. DI SANT’AGNESE and by others affiliated with this clinic, and with 
their kind permission, I have selected for study 23 children (Table 1) who 
have reached the age of 10 years or more. In each instance the diagnosis of 
cystie fibrosis rests on indisputable evidence, including the demonstration of 
negligible trypsin activity in the duodenal contents, so that from the stand- 
point of diagnosis the patients are quite comparable one with another. In 
similar fashion I have analyzed the records of four additional patients who 
have died (Table 2) but in whom observations were made after they were 
10 years old. The principal emphasis of this study is on the living patients. 

ven in earlier studies of steatorrhea, before it became possible to identify 
pancreatic insufficiency with accuracy during life (2), instances were occa- 
sionally encountered in which a patient dying in later childhood was found 
at autopsy to have pancreatic fibrosis. One of PARMELEE’s patients (9, Case 1) 
lived to the age of 14 years. Among later observations, in which the diagnosis 
las been based chiefly on studies made during life, patients ten years of age 
or older are mentioned by MENTEN and MIDDLETON (8, Case 17), by Prrr 
(10, Case VI), by PUGSLEY and SPENCE (11), by BoDIAN (3, Cases 5, 19, 39, 
‘6, and 80), and by WEBSTER and WILLIAMS (13, Cases 2 and 5). Six of the 
patients with cystic fibrosis who were subjected to special studies of respira- 
‘ory function by WEST, LEVIN and DI SANT’AGNESE (14) were over 10 years 

age at that time and are included in the present survey together with 
ore recent observations of their growth and development. 

The group of living patients comprises 10 boys and 13 girls. It includes, 
‘ course, no survivors of meconium ileus in the neonatal period since success- 
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TAB 


Patients with cystic fibrosis of the pancrgh 


Case Sex |Date of birth Harliest symptom Age 
visit (years) diagnosis} Cougl 
preum 
1. R.B. KF 8 VII 36 Bulky, foul stools, entire life 14 4/,. 14 “ed yy 
2. Vw. M 20 II 38 4-5 stools a day at 33/,. yrs. 3 57g 
3: PD. M 23 V 38 Diarrhea at 21/, years 10 19/,, 10 PChildh 
~ M 3 X 38 Diarrhea and abdominal disten- 
tion at 5 years 55/49 5), 
5. J.W. F 12 X 38 Diarrhea at 10 months 9°/,5 5 Foie 
6. C.J. M 17 XI 38 | Diarrhea at 5 months ed he 1/5 ly. 
F 20 XII 38 | Diarrhea at 9 months 10) 
M 21 XII 38 | Cough at 4 years 62/55 62/5 ty. 
9. M.N. F 25 IV 40 Frothy stools at 1 week 43/,5 Be l y. 
10. J.S F 20 IX 40 Pneumonia at 3 months a 7 3m, 
11. M.O. F 19 41 Pneumonia (?) at 11/, m. 
12. S.M. 31 V 41 Cough at 1 1/, years 12 i2 
13. A.B. K 14 I 42 Cough at 6 months 10 3/,, 104/15 6 m. 
14. L.C. M 16 IV 42 Bulky, foul stools at 4 m. 6 8/50 6 8/19 | Infanc 
15; M 14 V 42 Bulky, foul stools at 3 m. 
16. F.S. F 18 VI 42 | Diarrhea at 2 months 44/15 45/1 3m 
7. TR. M 5 VII 42 Bulky, fatty stools at 9 m. 5 9/56 59,5 oY. 
18. I.G. M 25 VIII 42 | Diarrhea at 1 m. 20/8 10/4 1 tlie 3 
19. M.T. F 7 Ill 43 Slow gain, early infancy 23/13 240 ‘hie 
20. K.T. F 10 V 43 Bulky, foul stools at 1 w. DAES 22/1 “ y. 
21. P.M. F 24 VI 43 Loose, foul stools at 9 m. 2/19 10 %m. 
22, A.R. F 29 VI 43 | Diarrhea, 3 months 4 3 | 8%ley 
23. R.A. M 26 XII 43 | Heat prostration at 4 y. 48/,, 49) 
* Above average weight for age. 
** Above average height for age. 
Tani 
bo 


Patients with cystic fibrosis of the janct 


Case Sex |Date of birth Earliest symptom Age at Ist Ag - e 
visit (years) dia “nosis 

24. J.M. M 2 VI 32 Loose, bulky stools at 2°/,. years 47/15 141/13 
25. G.D. M 9 IV 39 | Loose, bulky stools from birth "Iie 12 
26. V.R. F 6 IX 39 Cough at 5 8/,. years 6 2/,5 "li 
27. S.R. F 8 IX 43 Cough from birth 5 "1 "he 
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TAB 
aneraho are now more than 10 years of age. 
Age at onset of Status at last observation 
eat -— 
nosis} Cough or Bulky, foul Weight Height 
Malnutrition | Clubbing Menses M)\(o — M) Age 
9 y. 1 m. Infancy 14 15 2.3 2.5 
Childhood Infaney (not present)} 15 —0.7* 0.0 
1.9 
Dy. Infancy 5 y. 14 3/;, 2.3 0.9 14 
Y- 10 m. 10 m. 8 5/1. 13 5/1. 3.1 13 5/16 
l y. 2 m. 2m. 13 5/49 3.0 15 5/4. 
9 m. 2 y. 14 2.4 3.7 15 4/19 
1 y. im. 4 y. 6 2/49 2.4 2.0 14 
3) ly. Infancy 3 y. 10 >14 1.8 2.0 14 
3m, 3m. 8 2.4 4.0 12 
» |  |(not present)(not present)}< 1119/1, 0.9 13 
(not present)} 9 /,. y. 12 2.5 2.4 12 
6 m. (not present)}| Infancy 10 1.6 2.1 12 7/49 
Infancy 4m. Infancy 7 2.1 12 
| 5 y. 9 1.0 —0.2** 
3 y. 9 m. 9 m. 81/19 2.1 11/13 
10/4) mi. 8 m. 5 2.5 3.2 11 
“Birth” Infancy 61. 25 1.8 10 
2 y. w. Infancy 2.0 1.8 1014/1, 
) 9m. 9 m. 2 y. 10 1.2 1.8 10 4/,. 
: | (not present)} Infancy 10 1.5 2.2 10 
y- 4°12 y- 6 1.5 0.7 10 9/12 
T 
rancnpo died after reaching the age of 10 years. 
= 
Age at onset of Status at last observation 
at 
‘oug ky leight 
Malnutrition | Clubbing M) Age 
6 m. “Birth” Infancy 2.6 2.6 13 
Y- Infancy Infancy 8 1.8 2.5 
po “Birth” 5 y. 2.3 2.2 10 
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ful operative intervention for this manifestation of pancreatic fibrosis w::s 
not achieved until relatively recent years (6). It does include several whos: 
earliest symptom appeared within the first six months after birth in the form 
of diarrhea, bulky, frothy stools, pneumonia, persistent cough, or failure to 
gain weight. The youngest age at which the diagnosis of cystic fibrosis wis 
made was 2 months. In the great majority the true nature of the condition 
was not recognized until after the third year, and in one girl not until after 
her 14th birthday. The age at first admission to the hospital ranged from 10 
months to 14 years, 4 months. With few exceptions (Cases 5, 6, 11, 12, 15) 
vigorous anti-infectious therapy directed against the bronchial and pulmonary 
component of the disease was not instituted until after first contact with tlie 
hospital and verification of the diagnosis. Patients born before 1942 could 
sasily go for a long time unrecognized as victims of pancreatic fibrosis in 
view of the state of our knowledge of the disease at that time. It is also 
obvious that only a fraction of the chemotherapeutic and antibiotic agents 
now available were at hand in those important early years. This group of 
survivors does indeed represent the fortunate few whose infection remained 
somehow under control until effective therapeutic agents became accessible 
or until a balance between the infection and the patient’s defenses was reached 
in some way. 

The general condition of these patients is closely linked to the state of 
their pulmonary infection. Among the four patients (Table 2) who died after 
reaching the age of 10 years, all presented clinical and radiological signs of 
severe bronchopneumonia with varying degrees of atelectasis, and wil)! 
emphysema in the intervening areas. Only one (G.D., Case 25) came to au- 
topsy, and in this instance the pulmonary infection clearly dominated tlie 
anatomical disturbance, evidences of cor pulmonale and right heart failure 
appearing to be secondary. This patient’s respiratory function, studied when 
he was 13 years old (14), had been seriously compromised, causing him to 
have a marked reduction of vital capacity and of maximal breathing capacity, 
together with an increased residual volume at the end of expiration, an arteri:l 
oxygen saturation of only 76 per cent at rest, and an elevated serum carbon 
dioxide tension and reduced plasma pH. On the other hand, considering t!:c 
group as a whole, those patients who showed insignificant signs of pulmona:y 
infection and who had the smallest detectable degree of clubbing of tie 
fingers presented the functional picture of normal pulmonary ventilatio', 
together with quite adequate oxygen and carbon dioxide exchange. Some °f 
them, indeed, participated in violent physical activity in sports (Cases 3, 10 
and 11) and regarded themselves as at least the equal of their competit« 
of comparable age. 

There is reason to believe that pulmonary function at age 10 years or mc.¢ 
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in patients with pancreatic fibrosis depends to some extent on the early age 
at which the diagnosis is established and on the vigor and faithfulness of 
anti-infectious treatment. The most clear-cut example of the beneficial effect 
of early diagnosis is probably that of the girl described as case No. 11. A severe 
pulmonary infection at the age of 1} months called attention to the possibility 
of pancreatic fibrosis, the diagnosis was made by the family physician in 
consultation with Dr. ANDERSEN, and an appropriate prophylactic regimen 
was established. The child lived in a rural area and for this reason may have 
been relatively free from common respiratory infections. On physical exami- 
nation at 13 years of age her only significant findings are minimal clubbing 
of the fingers and a fairly firm liver margin which extends 3 em below the 
thoracic cage. The child is strong and athletic, and her schooling has never 
been seriously interrupted. Most of the patients, however, fared much less 
well, and it would be erroneous to imply that the correlation between early 
diagnosis and favorable course is really close. 

As a rule, pneumonia is present when the underlying pancreatic condition 
is first identified; the staphylococcal infection responds favorably to appro- 
priate therapy and improvement ensues in both the clinical and radiologic 
aspects of the lung picture, together with gain in weight, a spurt of growth 
in height, and greatly increased vigor and physical activity. Most often the 
infection eventually breaks through the antibiotic defense and advances in 
spite of all therapeutic measures applied. Patient J. H. (Case 7), for instance, 
exhibited both clinical and radiologic signs of pneumonia in all examinations 
from the age of 5 to 8 years, then was free from the trouble for two years, 
again showed involvement at the age of 10 years, and has continued to do 
so throughout the five subsequent years of observation. All of the living 
patients over 10 years of age report some coughing, most often on first 
arising, less frequently in response to exercise or excitement, and every fresh 
respiratory infection is liable to aggravate the cough for at least a few days. 
In one girl of ten years, whose coughing spells were particularly apt to be 
provoked by excitement, it had been learned by experience that a drink of 
water taken early in the attack might cause the cough to subside abruptly; 
us a result, she has long been in the habit of carrying a bottle of water with 
lier at all times so that a drink will be immediately available in any emergency. 

The therapeutic attack directed at the pulmonary infection in these cases 
lias in general included the administration of sulfonamides and of a variety 
i! antibioties in different combinations as each fresh infection arose and as 
“ich new agent became available. The tenacity of the staphylococcal broncho- 
)ilmonary infection is proverbial, as is the capacity of the infecting organism 

» acquire a tolerance for the agents employed. Beyond the statement that 
ie infections as they arose and were recognized were subjected to vigorous 
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and often prolonged therapy, no specific practices or therapeutic agents 
proved themselves consistently superior to all others. Consequently it is no: 
possible to draw conclusions from this small series in regard to the efficacy 
of the measures applied. In no instance was a strictly prophylactic regime: 
of chemotherapy attempted. 

The amount of purulent sputum brought up in a coughing spell, or the 
quantity of liquid bronchial exudate audible on auscultation, correlates quite 
closely with the degree of limitation of ventilatory function. Actual measure- 
ments of respiratory efficiency have been carried out in some of the patients 
of this study and have been reported by WEsT, LEVIN and DI SANT’ AGNESE 
(14). In one girl now 12 years of age (S.M., Case 12) studied by the same 
methods but not described by the authors just mentioned, vital capacity 
was reduced to a level of only 32 per cent of the calculated expected value, 
maximal breathing capacity was only 25 per cent of normal, and arterial 
oxygen saturation, which was 78 per cent at rest, fell to 67 per cent following 
mild exercise—in other words, a condition of ventilatory invalidism of severe 
degree. 

The fact that two patients grew and gained better when they spent the 
winter in Florida indicates that climatotherapy may play a role in manage- 
ment. Although the pulmonary infection as a rule involves all areas of the 
lung, lobar atelectasis is at times sufficiently persistent (4) to raise the 
question of lobectomy. Thus far, only one patient (I.G., Case 18) in the age 
group under discussion has met the criteria for surgical intervention; removal 
of his right upper lobe at the age of 11 years was followed by questionable 
improvement. One patient (M.N., Case 9) exhibited for a short time sub 
cutaneous emphysema of the neck, upper thorax and both axillae following 
an attack of measles acquired at the age of 9 years. 

Without exception all of the children included in this study developed 
clubbing of the fingers. The age at which clubbing first became evident can- 
not be stated with any accuracy, partly because the designation of early 
clubbing involves subjective criteria and partly because one cannot be cer- 
tain that the condition was mentioned in the clinical notes whenever it was 
present. The mean age of onset of clubbing, as calculated from the combine: 
data of Tables 1 and 2, is 91/, years, presumably an erroneously high figure. 
One might reasonably expect early onset of clubbing to be correlated wit : 
severity of pulmonary symptoms and possibly even with mortality from th 
disease, but this hypothesis finds little support in the data recorded. Whe 
the degree of clubbing is mild, it is often evident in the fingers but not ii 
the toes, or only in the great toe. In several instances clubbing grew worse fo" 
a time and then receded in severity, usually after institution of regular an! 
effective anti-infectious measures; this sequence was observed in 6 patient 
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Clubbing appeared in one patient at 6 years, 4 months of age at a time when 
roentgenograms of the lungs were normal, and in another patient at 10 years 
of age when the chest films showed only emphysema. Another patient showed 
no clubbing at 9 years of age, even after five years of pulmonary involve- 
ment during which every radiologic examination showed bronchopneumonic 
changes. 

Although the pulmonary infection represents the most serious component 
of the syndrome, chronic involvement of the paranasal sinuses is sufficiently 
common to constitute a classical feature of pancreatic fibrosis and sufficiently 
troublesome to be at times the patient’s chief source of annoyance. In 11 of 
the 23 living patients roentgenograms of the sinuses showed clouding or 
contraction of the air space of both. In some, subjected to irrigation of the 
maxillary antrum, good evidence was obtained that the principal factor in 
encroachment on the air space was overgrowth of tissue rather than the 
presence of fluid exudate. Five of these patients had in addition undergone 
surgical removal of nasal polyps, in one instance as early as five years of age, 
in the others at various ages up to 14 years. One patient (Case 12) was sub- 
jected at the age of 7 years to surgical establishment of a window connecting 
the buecal cavity with the maxillary sinus. Several patients continue year 
after year to experience prolonged attacks of acute or subacute sinusitis 
following each fresh upper respiratory infection. 

The nutritional component of fibrocystic disease of the pancreas is doubt- 
less more closely tied to the state of the patients’ chronic infections than to 
his deficiency of exocrine secretion of the pancreas, and by and large the 
children who have succeeded in getting the upper hand of their bronchial 
and pulmonary infection continue to grow and develop at normal rates. At 
the same time, there occur features of the nutritional picture which cannot 
he explained entirely on infectious factors. Several patients give the story 
that on first being changed from an average diet to one containing low 
illowances of fat and starch they observe a diminution in the bulk and 
number of their stools, together with an improvement in consistence and 
odor. Many have experienced for several weeks a rapid gain in weight when 
first put on a controlled diet. By the age of ten years many of the patients 

ive to some extent relaxed their vigilance in this matter, at times under 
pervision, at times as a result of their own experimenting; yet none has 

‘urned to a wholly unrestricted diet. Starch is tolerated quite adequately, 
out all report that they adhere by preference to a low fat intake in that they 
iibitually eat bread without butter or margarine, remove visible fat from 
eat, prefer skimmed milk to whole milk, and voluntarily avoid gravies, 
ily dressings, cream and fried foods. Some observe a change in their stools, 

change which they describe as being “for the worse’, when they eat fat; 
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others report abdominal pain or a feeling of discomfort. In only one chill 
has constipation been reported following ingestion of fat. Six of the 23 living 
patients described attacks of abdominal pain coming on from time to time 
with no known relation to food intake. For the most part these attacks 
reached their peak of both frequency and severity around six to eight years 
of age and subsequently became gradually less troublesome. One patient in 
such an attack was explored for suspected intestinal obstruction; none w:is 
found at operation. Four patients (Cases 11, 12, 13, and 22) gave no history 
of abnormal stools at any time in their course; when studied in hospital the 
only significant abnormality of their feces was the relatively high content of 
fat. Several of the older patients pass three or four stools each day. 

Practically all children in this group report an excellent appetite, even at 
times during episodes of recurrent infection. Most have the habit of eating 
liberally between meals, a custom which has been actively encouraged so 
long as there is no falling-off of interest in regular meals. One boy of 12 years 
(Case 14) has for some months been awakening each night about an hour 
after midnight, finding himself too hungry to go back to sleep, and making 
his way to the pantry to satisfy his appetite. The fact that the infection is 
dominant in the nutritional picture is perhaps illustrated by the experience 
of a girl of 10 (Case 5) who gained 22.64 kg in the first 51 months after being 
treated with aureomycin. 

A number of the older patients, after having taken pancreatin regularly 
for years in an effort to aid digestion, have eventually given it up after dis- 
covering that its omission made no perceptible difference in their signs or 
symptoms. The proportion who admit that they have abandoned pancreatin 
constitutes approximately half of the patients interviewed on this point, and 
one may suspect that the proportion for the entire group is not less than half. 
The mother of one of the patients who had been taking pancreatin powder 
found that the material caused her to suffer from allergic rhinorrhea; the 
mother’s “Shay fever’? was controlled by having the child’s pancreatin dis- 
pensed in capsule form. 

The relationship of heavy dosage with antibiotics and sulfonamides to 
symptoms of overdosage is extremely difficult to clarify. Certainly the gre: 
majority of these patients tolerate large doses of anti-infectious agents just 
as, unfortunately, the infecting organisms do likewise. Evidences of sensi- 
tivity to penicillin and other antibiotics are not more frequent than amor, 
the population at large. One patient (Case 21) who was taking very large 
doses of vitamins A and D, as well as of the B complex and ascorbic aci:, 
became listless and apathetic, pale, weak, and lost her normal appetit: 
diminution of the intake of vitamin D from about 10,000 units a day ‘9 
approximately 1,000 units, with corresponding reduction in vitamin A, ws 
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promptly followed by disappearance of all these symptoms and return of the 
feeling and aspect of well-being. The supposed calciferol intoxication was not 
otherwise investigated. 

Doubtless as a feature of malnutrition in the past, 7 of the 23 living patients 
gave a history of having at some time been troubled by rectal prolapse. 
Usually this disturbance had occurred in late infancy or early childhood prior 
to recognition of pancreatic disease. In Case 19 it constituted the chief com- 
plaint when the patient was first seen at the age of 27 months. In some, 
prolapse tended to recur from time to time even as late as the age of 5 years. 

Liver involvement in cystic fibrosis of the pancreas has been reported, 
among others, by ANDERSEN (1), FARBER (5), BODIAN (3), Prt (10), PUGSLEY 
and SPENCE (11), and by WEBSTER and WILLIAMS (13). BODIAN in particular 
calls attention to the frequency of focal biliary cirrhosis in patients coming 
to autopsy, and states that the older the patient, the more conspicuous the 
lesions. There would appear to be a growing recognition of the significance 
of liver involvement as a late complication, the mechanism of which has not 
yet been elucidated but which may be related to progressive intrahepatic 
biliary obstruction. In Case 25 the liver at autopsy showed focal cystic fibro- 
sis of the intrahepatic bile ducts, and several large areas of fibrosis of irregular 
pattern in which were found proliferating bile ducts and infiltrations of 
lymphocytes. In several of the cirrhotic areas certain bile ducts appeared 
dilated, while others contained an eosinophilic concretion resembling those 
so commonly seen in the pancreas in this disease. In Case 22 the syndrome 
ot portal hypertension appeared gradually at the age of 8 or 9 years, eventu- 
ally producing striking enlargement of the spleen together with the hemato- 
logic picture of hypersplenism (WBC 2,450 cu.mm, platelets 10,000 per 
cu.mm). The liver, though not large, was firm and its edge finely nodular, 
and disturbance of hepatic function was reflected in sulfobromophthalein 
retention of 30 per cent in one-half hour, a + + + + cephalin flocculation 
test, a zine turbidity measurement of 17.1 units and slight prolongation of 
the prothrombin time (17 sec.; normal control, 14 sec.). At operation for 
creation of a splenorenal venous shunt a piece of liver was removed for 
microscopic examination, with the demonstration of focal biliary cirrhosis. 
In one other living patient (Case 21) liver function tests (especially a lowered 
cholesterol ester / free cholesterol ratio with normal total cholesterol concen- 
iration) suggest liver damage although the organ itself is net palpable. In 
‘wo others (Cases 11 and 16) the liver extends 3 cm below the costal margin 

the right nipple line and is firmer than normal, but in these patients no 

rroborative evidence of liver disease has been obtained by liver function 
sts. Adding all together, and including all patients observed at age 10 years 
' older, whether living or dead, there is thus evidence of liver involvement 
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in 6 of 27 children, with strong probability that the frequency of actual in- 
volvement is even higher. 

Growth in height has been retarded in the group taken as a whole, the 
height at the last measurement being on the average 2.0 standard deviations 
below the mean for age and sex of each individual among the 23 living 
patients (Table 1). Weight for a given age and sex tends to be also below 
average values, to an extent which averages 1.8 standard deviations below 
the respective mean normal weights. The standard of reference for height and 
weight is the table of body measurements compiled by DAy from various 
sources and included as Table 57 on pages 1434 and 1435 in Hout ‘“Pedia- 
trics”’ (7). Since the age range of the patients surveyed is fairly wide, extend- 
ing from 10 years to nearly 18 years and including small numbers of obser- 
vations at any given age zone, the device of measuring departures from a 
mean in multiples of the standard deviation of that mean permits reasonably 
satisfactory comparison of individual observations. The severity of growth 
disturbance may be expressed in another way by stating that the height of 
these 23 children was less than the mean value for normal subjects of the 
same age and sex to the extent of more than 1.5 8.D. in 18 out of 23 obser- 
vations. Weight was reduced more than 1.5 S.D. below mean normal values 
in 15 instances. In general, height and weight seemed to be retarded in roughly 
parallel degree in each individual, although on examination of individual 
records it is seen that height was retarded more severely than weight in 14 
children, less severely than weight in 8, and equally in 1. The outstanding 
example of discrepancy in this respect is seen in Case 10, a girl whose height 
at 12 years of age was 4.0 S.D. below the average figure, while her weight 
came within 2.4 8.D. of the mean. The fact that in her case the earliest 
symptom was pneumonia at 3 months of age and that she continued to have 
a troublesome pulmonary infection throughout early childhood may have 
accounted for her poor linear growth, while the excellent response of her 
respiratory infection to antibiotic treatment in later childhood enabled her 
to build up her muscle mass and restore some of her body fat. In any event, 
she is one whose exercise tolerance was so satisfactory at age 12 years thiat 
she took part in football games and even broke her clavicle while doing +0. 
Taken as a group, however, these patients show no close correlation between 
present nutritional status, as measured by height and weight, and any of 
several variables which have been scored, namely, age at onset of earlicst 


symptom; age at commencement of antibiotic therapy; age at onset of a iy 
of the three general categories of symptoms, respiratory, digestive, or nut i- 
tional; nor with age at first observation of clubbing of the fingers. Moreov 7, 
however ardently one might hope that early recognition of the condition 21d 
early application of treatment would permit normal or nearly normal grov th 
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and development, there are some notable exceptions such as P.D. (Case 3) 
whose illness was not correctly diagnosed until he was more than 10 years 
of age and who nevertheless at the age of nearly 16 is of normal height and 
weight, strong, healthy-looking and athletic. 

In the three girls who have begun to menstruate, menarche began at 13 
years, 5 months, at 14 years, and at 15 years, 5 months respectively. Men- 
struation had not yet begun in one girl who was 14 years old at her last visit. 
These data imply a tendency toward delayed onset. No data on attainment 
of puberty in boys are available beyond the general clinical observation that 
those who show poor exercise tolerance and other evidence of impaired re- 
spiratory function retain their prepubertal, boyish aspect as late as 14 years. 

The mental outlook of these patients expresses an optimism quite compar- 
able to that of healthy children. Not only do those who have grown normally 
and have preserved adequate pulmonary function act as if the whole future 
lay before them; even those who lead lives of invalidism appear to look ahead 
to the prospect of full recovery. When they are asked what they plan to do 
when they grow up, the answer carries no suggestion of limited capacity; they 
express their ambitions and describe their plans in just the same terms as 
do other children of comparable age. Most of the parents have learned the 
wisdom of fostering this instinctive and sensible desire to make the most of 
every asset and to avoid the cultivation of weakness. 


Summary 


fod 


A study of 27 patients with cystic fibrosis of the pancreas who lived to be 
more than 10 years of age presents a wide range of clinical states. Four of 
these children on whom observations were made after they had reached the 
age of 10 years have died at various ages up to nearly 20 years, all with the 
picture of progressive purulent bronchopneumonia. One of the fatal cases, 
coming to autopsy after a life span of 131/, years, showed cardiac changes 
consistent with cor pulmonale. 

Among the 23 living patients all have cough and clubbing of the fingers 
as continuing evidence of broncho-pulmonary infection. The healthiest show 
10 Other signs of impaired respiratory function, either by roentgenogram or 
following a work tolerance test; likewise, some of these healthier patients 

ive attained a body weight and height which do not differ significantly 
‘rom mean values for the appropriate age and sex. For the group as a whole, 
owever, a trend toward significant retardation of growth in height and of 

iin in weight is evident, the degree of retardation being roughly correlated 
ith the severity of the pulmonary infection. Pubertal changes may be de- 
yed. A number of the most seriously involved patients are in effect respira- 
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tory invalids, having a markedly reduced exercise tolerance. Regardless of 
the severity of their somatic functional status, however, almost all of thein 
sustain a cheerful outlook for the future and build ambitious plans in the 
manner of all normal children. 

Although their nutritional state depends primarily on the severity and 
activity of their broncho-pulmonary infection, as a group these children 
respond fairly uniformly to changes in diet. Almost without exception they 
prefer to avoid fat foods, having learned that ingestion of appreciable quan- 
tities of fat is followed by abdominal pain or by a change for the worse in 
the number and character of their stools. Many, having taken pancreatin 
for several years, now appear to do equally well without it. 

It would appear that adequate compensation for lost pancreatic digestive 
function in cystic fibrosis is quite readily attainable, but that the broncho- 
pulmonary infection, once entrenched, is difficult to eradicate. Perhaps the 
best hope for the future lies in early recognition of the pancreatic lesion 
and in the institution of an effective prophylaxis of the infection. 
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Random Notes Concerning the Etiological Mechanisms and 
Treatment of Spontaneous Hypoglycemia! 


by IRVINE MCQUARRIE, ROBERT A. ULSTROM and MILDRED 
R. ZIEGLER 


It has been estimated by some authorities (5, 7) that the total number of 
persons afflicted with spontaneous hypoglycemia due to all causes is almost 
as great as the number suffering from diabetes mellitus. However this may be 
for the adult population, our personal experience indicates clearly that 
hypoglycemia, exclusive of the transient form seen in newly born infants, 
occurs far more frequently than diabetes in infants and children under school 
age. Since this is the time of life when severe uncontrolled hypoglycemia has 
its most devastating effects on the brain, the clinical problem must be regarded 
as one of exceedingly great significance. 

The clinical states in which abnormally low blood glucose levels? are en- 
countered may be listed as follows: 1. transiently in newly born normal infants, 
2. more severe form in some infants born of diabetic mothers (islet hyper- 
plasia?), 3. essential glycogenosis or glycogen storage disease of von Gierke 
of hepatic type, 4. congenital galactosemia (galactosuric “diabetes”) with 
hypoglycosemia, 5. adrenocortical insufficiency or Addison’s disease, 6. an- 
terior pituitary insufficiency, 7. hypothyroidism, 8. extensive cirrhosis or 
other destructive disease of the liver, 9. post prandial, alimentary or ‘“‘fune- 
tional” hyperinsulinism, 10. gastrointestinal disturbances: extreme inanition, 
severe vomiting, diarrhea, or moribund state, 11. periodic or recurrent hypo- 
vlvcemia, 12. severe renal glycosuria, 13. islet cell tumor of the pancreas 
(beta cell), 14. hypertrophy or hyperplasia of pancreatic islands (beta cells), 
5. intracranial disease (e.g. hypothalamic or diencephalic syndrome), and 
infantile idiopathic hypoglycemosis. 

The causative mechanisms or functional disturbances, which are responsible 
lor the subnormal blood glucose level in the foregoing clinical conditions, 
‘iffer widely. The nature of the therapy varies accordingly. In many of these 


' Aided by grants from the Graduate Medical Research Fund, University of Minnesota, 
1 the Louis W. and Maud Hill Family Foundation. 
* True blood sugar values determined by Nelson’s modification of the Somogyi method (10). 
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clinical states the hypoglycemia is secondary to recognizable organic patholoyy 
or to identifiable deficiencies of function. In others the pathogenesis is m«ure 
obscure. In some clinical states listed the abnormal lowering of blood sugar 
is primarily due to over production of insulin or to its premature release from 
the beta cells into the blood stream. These are examples of true or absolute 
hyperinsulinism without compensatory reaction on the part of various normal 
hyperglycemic or contrainsulin factors. In the other conditions listed, the 
hypoglycemia is due to true deficiency of one or more of such contrainsulin 
factors, while the amount of insulin secreted remains approximately normal 
to produce the imbalance. 

Whatever the nature of the causative mechanism (endocrine, nutritional, 
visceral, enzymatic or neural), the symptoms and signs and the injurious 
effects of severe and prolonged hypoglycemia are the same, no matter what 
the cause. The first desideratum in any form of hypoglycemia is its early 
recognition before brain damage has occurred. In most instances maintenance 
of normal blood glucose levels can then be assured by means of our therapeutic 
resources. A definitive etiological diagnosis or classification is usually not 
difficult to ascertain after the hypoglycemia has once been demonstrated. 
That the hypoglycemic state frequently goes entirely unrecognized or is 
overlooked by the physician and the parents of infants until serious brain 
damage has resulted must be inferred from our experience during recent 


years (8). 


Symptomatology and Diagnosis 


In patients suffering from certain well known clinical disorders known to 
produce spontaneous hypoglycemia, such as Addison’s disease, pituitary 
insufficiency, severe hypothyroidism, von Gierke’s glycogen storage dise:se 
and other forms of severe liver disease, the physician should be aware of tlie 
proneness to hypoglycemia, particularly after prolonged periods of fastilg. 
The physical stigmata which characterize the majority of such patients aid 
in the diagnosis. An ameliorating response to feedings should suffice to suggest 
the presence of hypoglycemia in many instances, but determination of tie 
blood sugar level at the proper time is essential for definitive diagnosis. 

Other patients, particularly infants, without physical stigmata of prim: ry 
disease, who present signs and symptoms compatible with but not pathogio- 
monie of spontaneous hypoglycemia often present puzzling diagnostic prvb- 
lems to the physician. Because clinical manifestations of hypoglycemia : re 
so vague and so irregular and fleeting in character, they are likely to \e 
attributed to other functional disturbances, such as physiological hung ‘r, 
fright, ‘‘teething’’, excessive activity and loss of sleep. When the affecid 


| 1] 
y 
fi 
by 

si 

ti 

of 

gl 

an 

d 
tor 

te 


SPONTANEOUS HYPOGLYCEMIA 483 


individual is fed with some carbohydrate food or drink, he is revived so com- 
pletely for a variable period of time that attendants at first feel certain that 
“there is nothing wrong” with the baby. 

If symptoms or signs, such as “wilting spells”, irritability, nervousness, 
muscular twitching, tremors and jerking, transient strabismus, rolling or 
classy expression of the eyes, pallor of skin and mucous membranes, flushing, 
quickening of the pulse, cold clammy sweats and other vasomotor manifesta- 
tions, are seen in an infant or complained of by older children, hypoglycemia 
should be suspected. If these indications are known to be ameliorated by 
meals or a glucose solution but not by water sweetened with saccharine, the 
occurrence of hypoglycemia is practically certain even in obscure cases. The 
final proof is demonstration of low blood sugar values. 

Onset of severe hypoglycemic episodes may be heralded by a generalized 
convulsion or attack of coma, although these phenomena are usually preceded 
by the milder signs. When the latter have not been observed by the family 
doctor and no signs of acute illness are present, he is prone to discount the 
significance of the first convulsion or to attribute the reaction to what the 
child has eaten (instead of what it has not eaten). When the distraught mother 
calls him again for similar convulsive episodes, he is likely to misdiagnose 
the condition as ‘‘epilepsy’’, for which he prescribes antiepileptic drugs but 
usually without a favorable response. In such circumstances prolonged periods 
of severe spontaneous hypoglycemia and convulsions ultimately produce brain 
damage with mental retardation, secondary epilepsy and other residual neuro- 
logical abnormalities, which may persist even after the tendency to hypo- 
glycemia may have disappeared. 

When hypoglycemia is discovered, a battery of special tests may be made 
to determine more definitively the basic etiology of the disorder. These include 
|. the epinephrine injection test for the presence of glycogen stores in the liver 
and for the intactness of the glycogenolytic function (for glycogen storage 
disease), 2. corticotropin (ACTH) test for glycemic and eosinopenic responses 
for intactness of adrenal cortical function, 3. epinephrine infusion eosinopenic 
test for responsiveness of hypothalamic-pituitary-adreno-cortical system to 
‘his stress agent, 4. glucose tolerance test, and 5. insulin tolerance test. When 

other diagnostic and therapeutic tests now available have failed to solve 

the problems of diagnosis and control of the hypoglycemia, an exploratory 

parotomy is performed to ascertain whether or not tumor or hyperplasia 
o! the islet cells may be the cause. 

\Vhen all of the foregoing special tests fail to reveal any positive result other 

in hypoglycemia with increased glucose tolerance and decreased insulin 

crance, the diagnosis of idiopathic spontaneous hypoglycemia is warranted. 

\ recent survey of the last 43 hypoglycemic patients of pediatric age 
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admitted to the University of Minnesota Hospital, exclusive of normal new 
borns, showed the following distribution according to etiology: 


A. Adrenal cortical insufficiency .... . 
B. Anterior pituitary insufficiency, e.g. . 
C. Solitary beta cell (islet) tumor of pancreas . .. . 1 
D. Hypothyroidism (cretinism). ........... 2 
EK. Infants of diabetic mothers... . . 2 
F. Glycogen storage disease (hepatic type). . ...... 
G. Galactosemia with hypoglucosemia. . .... . 1 
H. Periodic or recurrent hypoglycemia ......... #1 


Infantile (Familial) Idiopathic Hypoglycemosis 


It is apparent from this list that more than half of the children with hypo- 
glycemia admitted to our hospital over a period of twelve years were in the 
last category with “cause undetermined”. Results of the more intensive 
metabolic and clinical studies made on the last 12 patients included in the 
series of idiopathic cases, indicate that they may represent a single syndrome 
or clinical entity, a concept not heretofore emphasized (8). The principal fea- 
tures which characterize this clinical entity are as follows: 1. early age of 
onset, 21 of 26 cases in the series began before the second year of life, only 
one after the fifth year, hence the use of the term “infantile”; 2. absence of 
any peculiar physical stigmata; 3. all special tests for liver, adrenocortical, 
thyroid and pituitary insufficiency, negative; 4. familial tendency, 11 patients 
occurring in three unrelated families in this series; 5. natural tendency to 
spontaneous recovery or amelioration of symptoms with increasing ave; 
6. uniformly favorable therapeutic response to corticotropin (ACTH). For 
the sake of convenience, the syndrome described more fully elsewhere (%), 
is designated as “infantile idiopathic hypoglycemosis”’. 

Because of the preeminent significance of this clinical form of spontaneous hy»o- 
glycemia, previously unpublished data from one typical sporadic case are presen ed 
in Figure 2 to illustrate the response to therapy. The personal history of this patient 
was not remarkable up to the age of three months, except for his delivery by Cesarian 
section. When he was three months of age, however, he began to manifest va ue 

signs of unusual behavior as well as repeated generalized convulsions, now recognized 
as having been due to severe hypoglycemia. The family physician first diagnosed ‘he 
infant’s abnormal convulsive reactions as ‘‘epilepsy”’. 

When such episodes became more severe, despite the administration of comp: ra- 
tively large doses of antiepileptic drugs, he referred the patient to one of our pedia' ric 
colleagues, who discovered the existence of hypoglycemia. The blood sugar level «as 
promptly restored to normal and symptoms were transiently relieved by adminis’ ra- 


tion of glucose solution. 
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Fig. 1. R.W. at age 43 mo. Diagnosis, infantile idiopathic hypoglycemosis. History: Un- 

eventful to age of 3 mo. Then, hypoglycemic signs, including repeated convulsions. Anti- 

epileptic drugs ineffectual for controlling convulsive episodes. Questionable evidence of over- 
dosage of ACTH. 


The patient was subsequently found to respond entirely satisfactorily to cortico- 
tropin therapy which was recommended by the consultant. The family physician 
administered this hormone one week only before referring the patient to our clinic 
for dosage adjustment. It was feared by him that the infant’s facial sudamina might 
he an early sign of hormone overdosage. However, the facial eruption was unlike the 
acne Observed in the Cushing’s syndrome-like sign of ACTH or cortisone overdosage. 
\pproximately one week after withdrawal of the hormone, hypoglycemic reactions 
recurred. As shown in Figure 2, the fasting blood glucose level was very low before 
corticotropin therapy was resumed. 


As the appelation assigned to this syndrome indicates, its underlying 
cause or essential physiological mechanism is not as yet known. Two such 
ises, who were subjected to partial pancreatectomy brother and sister, 
‘iowed a theretofore undescribed, presumably congenital, anomaly of the 
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R.W. Age 3 mo. ai 
Infantile Idiopathic Hypoglycemosis 


‘ 
8 
a 


Normal Range 


Plain 
ACTH 
3Mg 

Every 6 Hours 


ACTH Gel. ACTHGel 
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Fig. 2. Effects of corticotropin therapy on fasting blood glucose values and blood eosinophil 

cell counts in R. W. (idiopathic hypoglycemosis.) Decreasing doses over 2-month period. 

No return of hypoglycemic reactions after treatment was begun. Final maintenance dose 
2 units daily. Essentially normal development. 


islets of Langerhans, namely, absence or near-absence of alpha cells. This 
abnormality has not been encountered in clinically similar sporadic cases 
and its true significance has not as yet been appraised. Partial pancreatectoniy 
has not been performed on other familial patients because they have :1ll 
responded so favorably to corticotropin therapy. No other lesions have ev«r 
been found on biopsy of the pancreas or at autopsy in other infants wit! 
this syndrome. 

In some ways the clinical course of the infantile idiopathic cases sugges s 
a form of hyperinsulinism but without evidence of hypertrophy, hyperpla-'« 
or tumor of the beta cells. No direct evidence has been obtained to supp." 
this vague impression. Quantitative blood insulin measurements would °° 
required to settle this point. Results of the glucose tolerance test and the grit 
severity of the hypoglycemia are quite like those in the forms of hypoglycer 
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Fig. 3. Effects of corticotropin on fasting blood glucose and on blood eosinophil cell counts 

in Mrs. H. A. hypoglycemia following recurrence of multiple islet cell tumors one year after 

subtotal pancreatectomy. Symptoms in abeyance. Controlled at first by small doses of corti- 
cotropin, later by 35 mg cortisone daily by mouth. Symptom-free. 


due to true hyperinsulinism. Accurate measurements of blood sugar level 
and eosinophil cell counts before and during corticotropin were made in one 
patient with recurring tumors of the pancreas in our series of cases. The 
results are shown graphically in Figure 3. The subject of this therapeutic 
study was a 56-year-old woman, H. A.', who had undergone subtotal resection 
of the pancreas almost one year previously because of severe hypoglycemic 
uttacks found to be caused by multiple small beta cell adenomata. The symp- 
toms, which had recurred in severe form after many months of post operative 
relief, were abolished completely under corticotropin therapy. Her hypo- 
viveemia has been kept completely in abeyance since that time by either 

nall injections of corticotropin intramuscularly or by cortisone in small 
doses (35 mg once daily) by mouth. 

In pancreatic islet cell tumor or hyperplasia, the mechanism of spontaneous 
livpoglycemia (true hyperinsulinism) is presumably identical with that result- 
iig from exogenous insulin overdosage. Complete surgical extirpation of a 

itary benign beta cell tumor tends to abolish the hypoglycemia permanently 


' Courtesy of Dr. B. A. ZIMMERMAN. 
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and is, therefore, the treatment of choice for this condition. Subtotal resec. 
tion of the pancreas may ‘‘cure”’ the hypoglycemia due to beta cell hyperplasi: 
or benign adenomatosis but recurrences of the hypoglycemia after operation 
are not infrequently reported. Alloxan therapy on the other hand, has been 
reported to be ineffective in both the latter conditions (1, 2, 7), although it 
was successful in one infant with the idiopathic syndrome (11). 

Postprandial or functional hypoglycemia has been demonstrated in children 
(6) as well as in adults (3). The pathogenetic mechanism in this transient 
type of spontaneous hypoglycemia is explained on the basis of temporary 
over-production of insulin some hours after a habitually-taken sugar-rich 
meal (Staub-Traugott phenomenon). Characteristically the morning or fasting 
blood sugar level is normal. The most effective method of treatment is the 
strict use of a high-protein, low-sugar diet. This type of diet does not stimulate 
the beta cells of the pancreas suddenly or unduly. Consequently, the transient 
hyperinsulinism is abolished quite effectively. 


The moderate degree of hypoglucosemia encountered in patients suffering 


from congenital galactosemia (‘‘galactosuric diabetes”) is not affected by cor- 
ticotropin. However, both epinephrine and glucagon were found to produce 
increases in the blood glucose level in one of our cases. The galactose level 
was unaffected. The fasting hypoglucosemia, like the galactosemia, was abol- 
ished by use of a milk-free diet (9). 

In adrenocortical insufficiency, spontaneous hypoglycemia occurs whenever 
carbohydrate food is not taken regularly in suitable amounts because glu- 
coneogenesis is markedly impaired by the deficiency of 11-oxycorticoids and 
liver stores of glycogen are subnormal. Correction of these deficiencies requires 
«a continuous supply of adrenal steroids, such as cortisone or hydrocortisone. 
The mechanism of spontaneous hypoglycemia in hypopituitarism is essentiall\ 
the same as in Addison’s disease, namely, a deficiency in production of adreno 
cortical hormone resulting from the deficient production of pituitary adreno- 
corticotropic hormone (corticotropin). Supply of the latter parenterally re 
stores the adrenal cortex to normal function, thereby correcting the hypogl\ 
cemic tendency. 

The mechanism of spontaneous hypoglycemia occasionally observed i: 
hypothyroid states is less well understood. Although various assumptions hav: 
been made, little definitive experimental evidence for their support has bee: 
accumulated. Preliminary studies on this phase of the problem of spontaneou 
hypoglycemia were made by us recently in work with two cretinoid infant: 
one, J. N., a 2-month-old male, the other, B. 8., 6 months of age, a femal: 
Fasting blood sugar levels in these patients were never extremely low, suc 
as those found in some of our patients suffering from infantile idiopathi 
hypoglycemosis or true hyperinsulinism, but tended to range in the zon 
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Vig. 4. Effects of single dose of corticotropin (plain ACTH) on fasting blood glucose and 

blood eosinophil cell counts. No glycemic or eosinopenic response in case of adrenal in- 

sufficiency or in untreated cretin. Normal responses in case of infantile idiopathic hypo- 
glycemosis. 


between 25 and 45 mg per 100 ml before treatment was instituted. Few of 
the typical overt signs of hypoglycemia were observed. 

The glycemic and eosinopenic responses of one untreated cretin, J. N., 
one Addisonian patient, C. B., one patient with infantile idiopathic hypo- 
elycemosis, R. R., and one normal subject, to the injection of pituitary 
corticotropin (18 mg plain ACTH) are presented for comparison in Figure 4. 
The response of R. R., the infant with idiopathic hypoglycemosis, alone 
showed responses comparable with those of the normal subject. The fasting 
blood glucose level of the hypoglycemic cretin, J. N., remained unchanged, 
just as it did in the case of C. B., the patient suffering from adrenal insuffi- 
ciency. The eosinopenic response to corticotropin was almost absent in C. B., 
the Addisonian patient. The lack of a decrease in eosinophil cell count in the 
case of J. N., after ACTH, together with the absence of a glycemic response, 
suggests the possibility of adrenal cortical insufficiency. This surmise was 

upported likewise by the fact that the tendency to hypoglycemia in this 
tient was manifested mainly during the fasting state. A gradual but signif- 
ant elevation of the fasting blood sugar values followed administration of 
‘hyrotropic hormone (Thyropar-Armour), suggesting the possibility of an- 
erior pituitary insufficiency. High eosinophilic cell count unaffected by 
\CTH before thyrotropic hormone therapy was decreased from 1188 to 390 
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within 5 hours after ACTH. The patient’s blood sugar was restored to norma: 
also by administration of thyroid gland extract. The radioactive iodine uptak: 
of this patient was almost normal. 

The other thyroprivic patient, B.S., (cretin) with fasting hypoglycemi: 
before the thyroid therapy likewise showed absence of normal glycemic anc 
eosinopenic responses to ACTH injection by single test, and again, when it 
was administered every 6 hours for one week. On the other hand, the hypo 
glycemia disappeared entirely, when thyroid extract was administered in doses 
of 25 mg daily. The radioactive iodine uptake in this patient was markedly 
subnormal. 

The results of glucose tolerance tests (0.5 g glucose per kg body weight 
in 20% solution intravenously), made 1. before any medication, 2. during 
the course of ineffective corticotropin administration, 3. during the course of 
thyroid extract medication, and 4. during a period of both thyroid and cor- 
ticotropin medication, are shown in the four blood sugar curves in Figure 5. 
It is obvious that the course of the prolonged preliminary hypoglycemic curve 
was but little, if at all, influenced by administration of corticotropin. On the 
other hand, a few days of regular thyroid medication abolished the tendency 
to hypoglycemia and produced a more nearly normal blood sugar curve. 
Superimposition of ACTH therapy during the period of thyroid medication 
appears to have improved the patient’s response to glucose administration, 
but the data are too few to justify this conclusion. Lack of responsiveness of 
the adrenal cortex to ACTH before thyroid therapy and some evidence of 
response after its establishment might be interpreted as being due merel\ 
to the improved nutritional metabolic state of the adrenal cortical cells 
resulting from the thyroid therapy. Further investigations into the mechanisni 
of hypoglycemia due to thyroid glandular deficiency are under way at the 
present time. 

Spontaneous hypoglycemia associated with destructive parenchymatous 
lesions of the liver is explainable essentially on the simple basis of reduced 
capacity for storage of glycogen. The therapeutic management of such patients 
consists of proper adjustment of diet in order to avoid long periods of fasting. 
Obviously the underlying hepatic disease must receive primary attention 
Gluconeogenesis may be stimulated in some cases by a high protein diet and 


corticotropin or cortisone therapy. 

The fasting hypoglycemia, so frequently encountered in young childre: 
with the hepatic type of glycogen storage disease (von Gierke), is due to a: 
inborn, congenital defect in the enzyme system involved in glycogenolysis 
which prevents mobilization of glucose into the blood stream during a fast. 
In specimens of liver from two such cases, however, Cort found the molecul: 
structure of the stored glycogen itself to be abnormal rather than the enzyme: 
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Fig. 5. Glucose tolerance tests (0.5 g glucose per kg body weight intravenously in 20% 

solution) in B.8., hypoglycemic cretin. Prolonged low sugar curve before medication; same 

during ACTH period; more nearly normal curves after specific hormone therapy (thyroid 
extract) and this plus ACTH. 


In any event, a significantly reduced glycemic response to epinephrine is 
characteristic of this bizarre disturbance in carbohydrate metabolism. In 
two of our severe cases of the disorder, the glycemic response to injected 
vlucagon (hyperglycemic, glycogenolytic factor from the pancreas) was almost 
absent. In the case of a third much-improved case, however, the rise in the 
fasting blood glucose curve after injection of this glycogenolytice factor was 
almost equal to that of a normal control subject. 

Prevention of hypoglycemia by proper spacing of meals is frequently 
possible in the milder cases of essential glycogenosis. Gluconeogenesis is 
essentially normal in this condition. The high-protein type of diet sometimes 
tends to exercise a favorable influence. In the one patient whom we have 
subjected to therapy with corticotropin for a short period of time, the clinical 
ind metabolic effects were very striking (12). Upon exhibition of the hormone, 
ifter a preliminary control period in which the very low fasting blood sugar 

ilues with severe hypoglycemic symptoms were observed, the glucose level 

as “restored”? to normal and all abnormal symptoms remained in abeyance 
» long as therapy was continued. Further investigations concerning the basis 


this response are needed. 
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Variations in the severity of von Gierke’s disease from patient to patient 
and hence in their capacity to respond to therapy have long been recognized. 
It is tempting to seek for an explanation of the variations in response to acute 
glycemic tests and to corticotropin therapy in the assumption that patients 
differ in the percentages of their liver cells that are capable of functioning 
normally. Capacity for partial recovery may be based upon a relatively high: 
proportion of such cells. 

The authors have recently studied a typical case of essential glycogenosis 
of the hepatic type (von Gierke), whose clinical and metabolic course changed 
somewhat abruptly at the time of puberty (during his 16th year of life) 
with no change in his regimen, except for the introduction of a high protein 
diet at that time. The rate of secondary sex organ development was increased; 
an amazing spurt of somatic growth ensued (20 em increase in height in one 
year); hepatomegaly became much less obvious and the tendency to spontane- 
ous hypoglycemia in the fasting state was markedly ameliorated. Liver and 
muscle glycogen content (10.2% and 2.8% respectively) was still excessive, 
but the specific glucose-6-phosphatase activity in a specimen of the liver 
was nearly normal, quite in contrast to findings in other more severe cases. ! 
This patient gave some evidence of brain damage presumably resulting from 
many previous convulsive episodes of demonstrated hypoglycemia. A chronic 
non-hypoglycemic convulsive disorder (organic epilepsy), amenable to anti- 
epileptic therapy, was the chief residual. 


Summary and Conclusions 


Attention is directed to the seriousness and magnitude of the clinica! 


problem of spontaneous hypoglycemia in infants and young children. The 


multiplicity of causes and the relative incidence of different clinical types in 
one series of forty afflicted patients is reviewed. The numerical preponderance 
of patients with spontaneous hypoglycemia of undetermined cause is conspic 
uous in this total group of cases. The results of pathogenetic and therapeutic 
studies in the cases relegated by exclusion to this last category are insufficient 
to determine unequivocally whether they all belonged to a single etiologica' 
order or not. 

However, as the data presented here and elsewhere (8), concerning suc! 
cases were accumulated, there emerged a clinical pattern or syndrome whic! 
included all of those which were most thoroughly studied. The distinguishin, 
features of this entity in our series of cases were as follows: 1. early age 0: 


1 Liver and muscle biopsy specimens examined for glycogen and enzymes by courtesy ‘ 


Dr. Gerty Corr, to whom we are most grateful. 
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onset, 84.6 per cent under 2 years, one in 26 only after fifth year; 2. preponder- 
ance of male sex, 19 males to 7 females; 3. familial tendency, 11 of 26 cases, 
{3 per cent occurring in three unrelated families; 4. absence of any physical, 
mental or emotional stigmata peculiar to the group; 5. absence of positive spe- 
cial tests for hepatic, enteral, renal, thyroid, adrenocortical or pituitary insuffi- 
ciency; 6. no evidence of islet cell hyperplasia or tumor of the pancreas; 
7. natural tendency to undergo spontaneous recovery or amelioration of hypo- 
glycemic tendency with increasing age; and 8. uniformly favorably response 
to corticotropin (ACTH) therapy. The name found most appropriate for 
identification of patients in this category is “infantile idiopathic hypoglyce- 
mosis’’. 

Corticotropin therapy was found to be highly beneficial in the one case 
of spontaneous hypoglycemia (true hyperinsulinism) due to multiple islet 
cell tumors (benign) of the pancreas and in the one case of von Gierke’s 
glycogen storage disease of the liver. 

Preliminary studies on two hypothyroid infants (cretins) with spontaneous 
hypoglycemia of moderate severity were made. Glycemic and eosinophilic 
cell response tests with corticotropin were negative before thyroid therapy 
was instituted. Thyroid extract therapy abolished the fasting hypoglycemia 
in both patients. Thyrotropic hormone therapy in one of the patients with 
an almost normal radioactive iodine uptake elevated the fasting blood glucose 
level moderately. Previous unresponsiveness to corticotropin (eosinopenic 
test for adrenal cortical activity) was reversed by this therapy, suggesting 
pituitary-adrenal, as well as pituitary-thyroid interrelationships were involved 
in this case. Specific hormonal replacement therapy is obviously indicated 
for hypoglycemia of thyroprivic origin, just as that due to adrenocortical 
insufficiency is in Addison’s disease or insulin in diabetes mellitus. 

It was emphasized that brain damage in infants and young children result- 
ing from severe hypoglycemia can usually be avoided by early recognition 
and prompt therapy for the latter. 
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From The Institute of Child Health and The Hospital for Sick Children, 
Great Ormond Street, London. 


Sucrosuria with Mental Defect and Hiatus Hernia 


by ALAN MONCRIEFF and R. H. WILKINSON 


Sir ARCHIBALD GARROD, who was an active member of the staff of The 
Hospital for Sick Children, Great Ormond Street, from 1892 to 1913, described 
certain “inborn errors of metabolism”. This was the start of an interest in 
physiological as distinct from anatomical “deformities” in infants and young 
children. Modern developments in chemical methods such as paper chromato- 
graphy, flame photometry and spectroscopic analysis have greatly added to 
the knowledge of the subject. It is now known that not all such deviations 
from the normal in metabolism are necessarily inborn; some are thought to 
he transient, the result possibly of a slow maturing of enzyme systems; some 
can be ameliorated if not cured by certain lines of treatment. It is now the 
common practice to regard any severely wasted infant who is not making 
normal progress as possibly suffering from some metabolic error, and undoubt- 
edly as time progresses the elucidation of many hitherto obscure causes of 
‘“‘marasmus”’ will prove possible. A case of galactosuria had occurred under 
the care of one of us (A. M.) and as a result it became customary to examine, 
among other things, for abnormal sugars in the urine in certain babies and 
voung children with obscure wasting. In this rather chance way it was found 
that a patient was passing sucrose (saccharose, cane sugar) in the urine 
persistently. Two further examples of this have also been discovered and 
this communication deals with the clinical findings and some of the difficulties 
which have been encountered in studying the metabolism of sucrose in 
young children. The fact that all three children were mentally retarded and 
had an abnormality at the lower end of the oesophagus associated with 
liiatus hernia suggests that this may be a hitherto undescribed syndrome. 


Methods 


The three patients were given diets containing various sugars to study 
ieir effects on the urinary sugar excretion. The urine sugars were identified 
v one-dimensional paper chromatography by Dr. L. I. Woo LF of this hospital 
\VOOLF 1951), and their approximate concentrations measured. Blood sucrose 
as estimated as the difference between the reducing sugar levels before and 
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after treatment of the whole blood with invertase (see also ELMER KRASOWSK \ 
and PTASZAK 1939). The reducing sugars were estimated by the micro-metho:! 
of HAGEDORN and JENSEN (1923). 


Case Records 


Case 1.— M.F., a female, the first and only child of Jewish parents was admitte: 
to The Hospital for Sick Children, Great Ormond Street, on August 11, 1952, at the 
age of 2} years. Birth was normal and the baby weighed 5 Ib 3 oz (2.35 kg); she was 
not thought to be premature. At two weeks of age she “fainted” and was put 
into an oxygen tent. There was some difficulty over breathing and head retraction 
was present but the cerebrospinal fluid was normal. Feeding was difficult and she 
was admitted to another hospital for some weeks. Weight was gained slowly and 
there were occasional vomits which led to a further admission when a barium swallow 
was said to be normal. Feeding continued to present difficulties and vomiting occurred 
intermittently. She was said to have held up her head at 3 months and pulled herself 
up in the perambulator at 5 months. At the age of one year she weighed 11 Ib (4.98 
kg) and in view of the continued difficulties over feeding she was admitted to a babies’ 
hostel where a diagnosis of ‘‘? mental deficiency” was made. Subsequently she vomited 
blood on two occasions and two blood transfusions were given. She improved after 
this, began to stand and on admission to Great Ormond Street she had just begun to 
walk. Now at the age of 2} years she weighed only 17 lb 11 oz (8.02 kg), was under 
height, 283 inches (71.5 em) instead of 34 inches (85 em), pale and quiet. She stood 
with support, recognised her name but clearly was mentally retarded. The head 
circumference was 18 inches (45 em), the fontanelle was closed and there was a sharp 
frontal ridge. The limbs were slightly hypotonic, with poor muscular development 
and the tendon reflexes were not obtained. Many investigations were carried out. 
The relevant positive findings were a slight hypochromic anaemia, occult blood in 
the stools and an X-ray examination of the oesophagus which showed that there 
was some obstruction to the passage of barium some inches above the diaphragin 
(Fig. 1). Below this the oesophagus was constricted although it relaxed and dilated 
from time to time. There was some suspicion of ulceration in this region. 

The diagnosis of mental defect was confirmed by observation of the child in the 
ward. Oesophagoscopy at a later date (6 weeks after the X-ray examination) when 
the child was obviously better as regards vomiting showed an oesophagus which was 
rather wide, and full of fluid which was acid to litmus. There was no oesophagitis. 
The site of the cardia was difficult to determine as the gastric mucosa was very pale. 
The general appearances were not thought to be those usually associated with hiatus 
hernia but it was possible that this condition was in fact present being mild ani 
intermittent. The spleen was palpable throughout and this remained unexplained. 

Duodenal juice, obtained in a very small quantity, showed no digestion of gelati! 
at a dilution of 1 in 6.25, digestion of amylase at a dilution of 1 in 1,000 and it was 
considered that sucrase was possibly absent as no breakdown of sucrose occurred 11 
vitro although very little juice was available for testing. The antithrombin conte: t 
of the serum was within normal limits and the stools did not suggest fibro-cyst 


disease of the pancreas. 
Paper chromatography of the urine for sugars while the child was on a mixed dit 
showed sucrose (about 150—250 mg per cent), lactose (about 120—250 mg per cen), 
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Fig. 1. Case 1. To show oesophageal abnormality. 


galactose (about 10 mg per cent), and fructose (about 15 mg per cent).! Amino-acid 
excretion as tested by paper chromatography was normal. Subsequent investigations 
were mainly concerned with the occurrence of sucrose in the urine. The child was placed 
on a lactose and sucrose free diet. When the diet was examined by paper chromato- 
vraphy only glucose was detected. To this diet fructose (20 g a day) and then lactose 
2) ¢ a day) were added for separate three-day periods and Table 1 shows the urinary 
sugar excretion. Whilst lactose was being given, vomiting was marked and continuous 


and the child became collapsed. 


Sucrose was given on three occasions as a single test dose whilst the child was taking 
{le suerose-free diet. 
After an 8 g dose was given the blood reducing sugar levels (glucose) at half hour 
intervals were 70 (fasting), 128, 90, 73, 75 mg per 100 ml. No sucrose was detected 
the blood and a 24 hour urine collection (volume 445 ml) contained sucrose 3 mg 
‘yr cent and fructose 1 mg per cent. After a dose of 12 ¢ of sucrose the blood reducing 
igar levels were 72 (fasting), 124, 104, 79, 68 mg per 100 ml, the blood sucrose levels 
se to 13 mg per 100 ml, and sucrose 15 mg per cent and fructose 4 mg per cent 
peared in the urine. The results of a second dose of 12 g of sucrose on the day 


‘ollowing lactose feeding and on a sucrose-free diet are shown in Table 2. Note that 


ctose was still being excreted in the fasting urine. 


‘ For the normal urine sugar levels see page 512. 


32 547511 A. Wallgren 
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TABLE 1 


The urinary excretion of sugars by Case I (M. F.) on various diets. 


Urine sugar excretion (mg per 100 ml) 
Diet 
Urine Fruc- 
: Glucose Lactose | Sucrose | Galacto 
collection tose 
1 | Home diet containing | After a feed -— 15 120-150} 150-250 10 
sucrose and_ lactose 
(about 5) g each per 
day) 
2 | Diet containing only | After a feed 4 - 
glucose as the sugar 
(59 g per day) 
3 | Diet as above plus fruc- | After a feed 4 2-3 — 
tose (20 g per day for on the 
3 days) third day 
4 | Diet as above plus lac- | After a feed — — 20 —— 5 
tose (39 g per day for on the 
3 days) third day 
Normal excretion less than 5 | 7 | 15 | 25 | 15 


TABLE 2 
The blood and urine sugar levels following a dose of 12 ¢ of sucrose in Case 1 (M. I.) 
on a sucrose and lactose-free diet. (This was given on the day following the cessa- 
tion of a three day diet containing glucose and lactose as the only sugars added and 
lactose was still being excreted.) 


Blood sugars (mg per 100 ml) Urine sugar excretion (mg per J00 ml) 
Time |}. Sucrose Time Glucose | Fructose} Lactose | Sucrose ; 

ing sugar tose 

Fasting 74 - Fasting - — 20 — i 

1 hour 133 maximum | 

; rise at |4 hours . 4 12 60 6 

1 hour 0% -ollec 

: = ] hour collec- 
2 hours 69 16 mez% tion 
(40 ml) 
4th 4 8-10 
24th hr. 
(269 ml) 
Normal less than | 5 | 7 | 15 25 15 


| 

| 

|| 
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TABLE 3 


‘The urinary sugar excretion of Case I (M.F.) when various sugars were added to a 
basie feed (containing only glucose) for two days. The urines were collected on the 
second day (in the morning = M and in the afternoon = A). 


Dietary sugars (g per day) . Urine sugar excretion (mg per 100 ml) 
Time of 
Glucose Lactose] Sucrose} men _ | Glucose Lactose} Sucrose 
| tose tose tose 
A = 3 30 
30 30 30 M 2-3 10 = 
; A = 2-3 10 = trace 
A 10 = 6 10 
M 5 2-3 35-40 | 10-12 2 
5 30 30 30 30 A 2--3 1 8-10 6 1 
A 2 l 6 7-8 - 
Normal less than | 5 | a | 15 | 25 15 


The daily sugar content of the sucrose and lactose-free diet was then varied as 
shown in Table 3 for two-day periods, and mid-morning and mid-afternoon specimens 
of urine were examined on the second day of each period. 

On giving a further test dose of lactose there was again a lot of vomiting which 
led to a collapse. She was found to have a low serum potassium and despite efforts 
to remedy this by an intravenous infusion she went downhill with hypotonia and 
abdominal distension and died. There was no post-mortem examination. 

A subsequent child (male born to the parents of M. F. at another hospital) was 
stated to show on the eighth day of life by paper chromatography 100 mg per cent 
of sucrose in the urine while on a diet of dried milk and cane sugar but at the age of 
weeks when this was repeated no sucrose was detected and it is therefore unlikely 
that this baby suffered from the disorder described here. 


Case 2, —C.B., a female, was born of a Scottish father and Jugoslav mother, as 
a vesult of a third pregnancy. The first child, also a female, was apparently normal. 
Tle next pregnancy resulted in a miscarriage at the third month. The present patient 
wis found to suffer from rhesus incompatability and does in fact show evidence of 
“|. -rnieterus’’. Her mental retardation may therefore by due to this cause. She was 
first seen as an out-patient at The Hospital for Sick Children, Great Ormond Street, 
ai the age of one year because of persistent vomiting. Previous history showed that 
s). had been of normal birth weight 7 lb 1 oz (3.2 kg) and that vomiting had been 
tr ublesome from birth with remissions of not longer than one week. There was a 
i deney to excessive head retraction without any stiffness of the neck (Fig. 2). She 
\.s admitted and X-ray examination and oesophagoscopy at this time showed some 
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Case 2. To show oesopha: 


k ig. 2. Case 2. At age of l year. I ig. S: 
£ 
abnormality. 


narrowing of the oesophagus just above the diaphragm (Fig. 3) and mild gen 
oesophagitis. It was concluded that she was probably an example of hiatus her 
and treatment was directed towards relief of symptoms (including propping 
child up). At this period her mental retardation was confirmed by observation. 
weighed only about 16 Ib (7.26 kg) at the age of 14 months and her head circumfer‘ 
was 17 inches (42.5 em). She went home for a few months and she was readmit 
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TABLE 4 
The effect on the urine sugar excretion of Case 2 (C. B.) over 6 hours of 20g doses 


ol various sugars after an 8 hour fast. The diet given otherwise contained lactose 
and sucrose. 


: : Urine sugar excretion (mg per 100 ml) 
Test sugar Time of 
(one dose) ee Glucose | Fructose} Lactose | Sucrose | Galactose 
l Sucrose (20 g) Fasting 
6 hours 30 35 100 15 
24 Galactose (20 g) 2 hours for liver function test 2.0 g 
(normal) 
3 | Fructose (20 g) 33 hours | 35 | trace 
4 | Lactose (2 g) 6 hours | | 12 - 25 
5 Sucrose (2) g) Fasting No ketoses detected 
1 hour | | 3 | 7 | 
23 hours | | | | 25 | 
34 hours | | 10 
Normal less than 5 | y) | 15 25 15 


at the age of 18 months for a minor chest infection. Vomiting was slightly less. In 
view of the previous case which was fresh in our memory and because of a suggestion 
that paper chromatography might throw more light on her liver function, investiga- 
tions of her urine were made on these lines and showed that on a normal diet (con- 
taining lactose and sucrose) she was passing about 170—180 mg of sucrose per cent 
with fructose 80 mg, galactose 25 mg and lactose 80 mg (see Table 5). 

\ different plan of testing the effect of sugars in the dict was followed. On admission 
to the ward a diet of cowsmilk 8 oz, a fine cereal (3 level teaspoons) and sucrose 50 ¢ 
Was given as five meals a day. Glucose water only was allowed after the 10 p.m. feed 
on the day preceding a test. The test sugar (20 g) was given in the early morning 
(usually 6 a.m.) just after a specimen of urine was obtained. Thus an eight hour fast 
preceded each test. A second specimen of urine was collected for six hours after the 
test dose usually. Six hours cover practically the total excretion of the test dose of 
sugar, 

he urine sugar excretion is shown in Table 4. 

rhe patient was discharged home on a diet (in which glucose was substituted for 
sucrose) and a single specimen of urine obtained two weeks later contained lactose 
25 mg per cent and galactose 8 mg per cent. 

nn admission to the hospital two months later after a period of vomiting, the 
su rvose-free diet was continued. Three hours after a feed the urine contained glucose 
mg per cent, fructose less than 1 mg per cent. A diet containing added sugar as 
sucrose was given for two days. After a fasting specimen of urine was taken 20 g of 
su rose were given. The urinary excretion of sugar is shown in Table 5. After 14 days 
0) 4 sucrose-free lactose-glucose diet 13 g of sucrose were given as a test dose. Urine 
a blood sugar levels are shown in Table 6. 
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TABLE 5 


The urinary excretion of sugars by Case 2 (C. B.) on various diets. 


A glucose tolerance test (12 g dose) showed at half hour intervals blood levels « 


115 (fasting), 160, 144, 139, 111, 96 mg per cent. 

A specimen of stool digested gelatine at a dilution of 1 in 200 and appeared norn 
on microscopical examination. The antithrombin titre of the serum was norm 
Various secretions were tested for sucrase activity. No activity was found in 


gastric juice, and in the stool. Saliva digested 0.5 per cent of sucrose after 5 minui: 


at 37° (normals = 3.5—4 per cent). 

In view of the development of cataract in galactosaemia the eyes were exami 
by Mr. J. H. DoGGart, F.R.C.S. who reported that there were no crystalline 
other deposits in either cornea, the ocular media were not obstructed and the fu 
were normal. Other findings in this child were the development of laryngitis w 
spasm (? related to her spasticity). There was no splenomegaly. She continued 
vomit occasionally with tinges of blood from time to time in the vomited mate! 
Sucrose was eliminated from the diet. Physical progress was slow. 


Urine sugar excretion (mg per 100 ml) 
Diet 
Urine Frue- 
; Glucose Lactose | Sucrose | Galactos: 
collection tose 
1 | Home diet containing | After a feed — 80 80 180 25 
sucrose and _ lactose 
(about 50 g each per 
day) before first ad- 
mission 
2 | Home diet containing | After a feed —- ff; — 25 a 8 
no sucrose (after dis- 
charge). Lactose and 
glucose about 50 mg 
per day 
3 | 2 months later on ad- | 3 hours after Less 
mission to hospital. a feed than 1 
Lactose and glucose 
about 50 mg per day 
4 | After 2 days on diet | Fasting — trace 50 40 7 
containing all added 
sugar as sucrose (and 
milk lactose) 
Then 1 dose of sucrose | Ist hour 10 25 — 400 trace 
20 g given Ist—3rd hour 10 40 — 400 trace 
3rd—4th hour 15 100 
Normal less than | 5 | | | 15 25 15 
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TABLE 6 


1e blood and urine sugar levels following a dose of 13g of sucrose in Case 2 (C. B.) 
after taking a diet containing lactose and glucose (about 50g each a day) but 
no sucrose. 


| 3lood sugars (mg per 100 ml) Urine sugar excretion (mg per 100 ml) 
| 
Time —— Sucrose Time Glucose | Fructose] Lactose | Sucrose | Galactose 
Fasting 0 Fasting 8-9 trace - — 
hour 81 12 
1 hour 10 6 trace 50 
| hour 90 9 
1} hours 8% 8 
2 hours 78 0 1-3 hours 20 30 trace 200-300 5 
3-6 hours — — — 60 4 
Normal less than 5 ; 15 25 15 


Case 3. — J. M., a male, the first child of Irish parents with no consanguinity and 
no history of illnesses on either side, was born after a normal pregnancy and normal 
labour at 36 weeks weighing 4 lb 13 oz (2.18 kg). There was no difficulty over breath- 
ing, no cyanotic attacks or fits. Breast feeding was established and the baby left the 
maternity hospital at the age of 3 weeks weighing 5 lb (2.27 kg). Breast feeding con- 
tinued for another 3 weeks and then the mother had an acute pyelitis necessitating 
admission to hospital. Lactation was stopped at once and the baby was given half 
cream dried milk with added cane sugar. Later the milk was changed to full cream 
and the cane sugar addition (1 teaspoonful to each feed) continued. Solids were in- 
troduced at 5 months and the usual weaning foods followed. Cane sugar was used in 
the normal way for sweetening. Vomiting occurred as early as the third day of life 
aud continued intermittently ever since, usually immediately after feeds, occasionally 
projectile and sometimes with bright or altered blood. Constipation with hard infre- 
quent stools was also noted early in life by the mother. From the age of four months 
to ten months the baby was in Eire with his grandmother and he is stated to have 
had pneumonia there at the age of eight months. At the age of ten months he was 
brought to the out-patient department of The Hospital for Sick Children, Great 
Ormond Street, where he was seen by our colleague Dr. R. E. BONHAM CARTER who 
ha. kindly allowed us to quote his case records and to make certain special observa- 
tious on the patient. At this time (age of 10 months) the baby weighed only 10 lb 
l4 oz (4.95 kg), was failing to thrive with the persistence of vomiting and constipa- 
tic. He was admitted the same day to University College Hospital as a possible 
ex mple of fibrocystic disease of the pancreas. Tryptic activity of the stools was 
né mal however. Other observations at that time showed that he had signs of in- 
fl. mation in both lungs with clubbing of the fingers, pallor and inability to lift up 
hi head or sit up, indicating definite mental retardation. 


| 
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Fig. 4. Case 3. Oesophageal abnormality. 


X-ray examination showed some stenosis of the oesophagus with appearances sug- 
gestive of oesophagitis, hiatus hernia of the stomach and some regugitation of gastric 
contents (Fig. 4). Oesophagoscopy (by Professor R.S. PrtcuER) confirmed these 
findings and repair of the hiatus hernia was performed by Professor PILCHER one 
month later just before the child’s first birthday. Feeding which had been difficult 
before operation continued to be a problem; vomiting recurred: fever and bronchitis 
interfered with progress. He was sent to a special convalescent home where he w:s 
kept in the sitting position because of his continued vomiting. After returning home 
he had severe vomiting attacks with a lot of blood in the vomit and evidence of 
pulmonary consolidation, possibly from aspiration. Retention of urine, owing to severe 
constipation, yielded to rectal washouts. Examination of the urine at this tine 
indicated the presence of a reducing substance to Benedict’s solution. Paper chromat»- 
graphy showed the presence of sucrose and lactose. He was transferred to The Hospii:il 
for Sick Children, Great Ormond Street, for further investigation of his sucrose met i- 
bolism. On admission the following relevant points were noted: he weighed only 15 ‘ib 
(6.8 kg) at the age of 18 months. There was definite finger clubbing. Extensive sig is 
in the chest of patchy consolidation and bronchitis persisted. He was still vey 
constipated, difficult to feed and tended to vomit easily despite being kept in =n 
upright position. He could not sit up unaided and despite a brightness at times there 
seemed no doubt of his mental retardation (Fig. 5). Examination of the eves show d 
no abnormality of the corneae, media or fundi. 

He continued on a diet of cows milk 42 0z, glucose 2 0z, a fine cereal 2 oz, anc | 


egg as seven feeds a day, i.e. a sucrose-free, lactose and glucose containing diet (6 
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Fig. 5. Case 3 at age of 20 months. 


‘ach per day). Urine collected from two to three hours after a feed contained no 


ketoses. This diet had been taken for seven weeks. The effect of sucrose added to a 


li 


rmal feeding routine which (a) contained lactose and glucose and (b) contained 
tose and sucrose, was investigated. A single dose of 15 g of sucrose was given as 


a feed, viz. cows milk 6 oz, sucrose 4 oz (15 g). Urine was collected before the feed 


and for three two-hour periods afterwards, and the results are shown in Table 7. As 


t 


\ 


child was being fed three-hourly, the next feed given in the middle of the second 
ourth hour urine collection contained lactose and glucose 8 g each, but no sucrose. 
‘er two days on a sucrose and lactose containing diet (60 g per day each) a 
ilar feed was given once which contained sucrose 15 g and lactose (8 g). Urine 
« collected before the feed and for three two-hour periods afterwards. A feed 
en in the middle of the second to fourth hour urine collection contained sucrose 

and lactose 8 g. Blood specimens were taken before and at half-hourly inter- 
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TABLE 7 


Showing effect of 15 g of sucrose in a feed (without glucose) on urinary sug: 
excretion of Case 3 (J. Me.) whilst on sucrose free, lactose-glucose containing di: 
(60 g each per day). 


Urine sugar excretion (mg per 100 ml) 
Time Glucose Fructose Lactose Sucrose | Galactose 
Betore feed . . 25 — 10 
2nd-4th hour*® ....... 15 10 70 80 20 
4th-6th hour ....... 15 10 10 15 20 
Normal less than 5 7 15 25 15 


* Feed containing lactose (8 g) and glucose (8 g) given at 3rd hour. 


TABLE 8 


Showing the effect of 15 g sucrose in a feed on blood and urinary sugar levels of 
Case 3 (J. Me.) whilst on sucrose and lactose containing diet (60g per day each) 


started 2 days before. 


Blood sugars 
xere r 1¢ 
(mg per 100 ml) Urine sugar excretion (mg per 100 ml) 
Sucrose Time Glucose | Fructose} Lactose | Sucrose Jala 
ing sugar tose 
Fasting 75 0 Before feed 10 8 35 90 10 
4 hour | 126 29 
1 hour | 100 (2) 
2 hours 10 20 45 150 15 
1} hours 100 (3) 
2 hours 9] (2) 
2nd—4th hour* 8 12 25 90 10 
4th—6th hour - 10 40 120 15 
Normals less than 5 f 15 25 iss 


* Feed containing lactose (8 g) and sucrose (8 g) given at 3rd hour. 


vals for two hours after the first feed and analysed for reducing sugars and sucrose 
Table 8. The child’s diet was then changed back to cows milk and glucose, i.e. 
sucrose-free diet. 

An attempt was made to pass a tube well down the duodenum to obtain specime! 


of intestinal contents and succus entericus to test for sucrase activity. As in oth 
patients this was not successful. He was transferred to a convalescent home and tv 
days later died of a fulminating chest infection. Specimens of the intestinal muco 
at the duodeno-jejunal junction were obtained at autopsy. These showed mark: 
activity, splitting sucrose and lactose. 


l 
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A summary of the autopsy findings has been supplied by the kindness of Dr. L. L. R. 
VHITE: — 

Externally: The body was wasted, and weighed only 15} lb (7 kg). The skull 
was of normal size and shape, but the anterior fontanelle was widely patent. There 
was flaring of the costal margins, and a Harrison’s sulcus was present. The fingers 
and toes showed a moderate degree of clubbing. 

Internally: The brain was of normal size and general configuration but showed 
a number of developmental abnormalities, including severe hypoplasia of the corpus 
callosum, failure of normal convolutional folding of the cingulate gyri, partial 
interlocking of the medial gyri of the frontal lobes across the longitudinal fissure, 
absence of the septum pellucidum and reduction in the white matter of the cen- 
trum ovale. 

An extensive lipoid pneumonia was present in both lungs. There was no recur- 
rence of the hiatus hernia, but a chronic oesophagitis was present in the terminal 
3 em of the oesophagus. The liver and kidneys were congested and reduced in 
weight. The gastro-intestinal tract was normal to the naked eye. 

Microscopy: Preliminary studies of frozen sections of brain show no demyelini- 
sation, but a narrow zone of subependymal gliosis is present in relation to the 
lateral ventricle. There is a mild degree of fatty change in the liver, and of nephro- 
calcinosis in the kidneys, but neither in these organs nor in the gastro-intestinal 
tract is any specific histological change apparent. Histochemical investigations 
proved useless on account of the time elapsing between death and autopsy. The 
nature of the fat in the lungs is still under investigation. 


The Results of Feeding Sugars 


Tables 1, 3 and 5, show the urinary sugar excretion whilst common sugars 
in various combinations as ordinary feeds were given to the patients. Tables 2, 
1, 5, 6, 7, and 8 show the urinary sugar excretion and blood sugar levels of 
reducing sugar and sucrose when single doses of sugars were added to various 
diets. The data is summarised in Table 9. 

1. When a normal milk feed (i.e. a lactose and sucrose containing diet) 
Was given, fructose, lactose and sucrose were excreted in abnormal amounts 
in the urine. The urinary glucose concentration was raised occasionally. A 
single dose of sucrose added to this diet increased these effects. When sucrose 
was removed from the diet and glucose substituted the excretion of sugars 
Was practically normal though glucose and lactose excretion was slightly 
raised occasionally. A single dose of sucrose added to the sucrose-free diet 
(.¢. lactose, glucose diet) again caused the abnormal excretion of sugars. 

2. Various combinations of the dietary sugars glucose, fructose, lactose, 

‘rose and galactose were fed as diets and as single doses superimposed on 
(ucts to try and demonstrate interactions between the sugars. Care has to 
Iv exercised when comparing the various results that the conditions of 

ding were otherwise identical. On diets not containing lactose and sucrose 
iormal urine sugar excretion was found. When glucose and fructose were 
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TABLE 9 


Summary of the effect of dietary sugars on the urinary sugar excretion of thr 
cases of sucrosuria, hiatus hernia, and mental deficiency. 


Urine sugar excretion (N = Normal) 
Dietary sugars 
Glucose Fructose Lactose Sucrose | Galactos« 
Lactose sucrose diet N-2 N 2N-10N | 2N-10N | 4N-10N N-2N | 
Lactose glucose diet N-2N N N-2 N N N 
Glucose diet N N N N N | 
Glucose sucrose diet* . N N N N+ N | 
Glucose fructose diet* N N N N N 
Glucose fructose sucrose diet * N N N N + N 
Glucose fructose lactose diet* N N N N N 
Lactose sucrose glucose diet* 2N N N N N 
Lactose sucrose glucose fruc- 
Sugars 
Dietary sugar added a 
single 
dose 
| 
Lactose sucrose diet | Sucrose N-2N 3-6.N 2-3N 4-16 N N 
Lactose glucose diet | Sucrose 3-4 N N-4N N-5 N 3-12 N N 
Lactose sucrose diet | Fructose N 5BN N N N | 
Lactose sucrose diet | Lactose N N N N 2N 
Lactose sucrose diet | Galactose Normal liver function = 2 


* These diets were given for 2 days only. 
fed no sucrose was excreted. A sucrose glucose and fructose diet caused only 
a slight increase in sucrose excretion. A lactose glucose fructose diet gave 
normal results. 

3. When both lactose and sucrose were fed, the addition of glucose causc 
the excretion of glucose, a dose of fructose caused the excretion of fructose. 
dose of lactose merely raised the excretion of galactose, and the addition 


glucose and fructose caused a raised lactose excretion. It would appear the! 
fore when lactose and sucrose occur together in the diet of these patients th 


other sugars appeared more easily in the urine. Galactose added as a sing 


dose to the lactose sucrose diet was excreted in amounts in the urine whi: | 
were normal for a galactose tolerance test of liver function. 


When conditions approximating to normal feeds were analysed the eff 


of lactose and sucrose together was more complicated. It took several da 
of feeding to cause a markedly raised fasting excretion of lactose and sucro © 
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together with a variable amount of glucose, fructose and galactose). A dose 
of sucrose added to a feed (lactose-sucrose diet—see Table 8) caused a rise 
in fructose, lactose and sucrose excretion and when a further feed was given 
without added sucrose three hours later a second rise in these urinary sugars 


occurred, 

When the same patient J. Me. (Table 7) was fed a lactose and glucose diet a 
similar dose of sucrose produced an increase of fructose, lactose and sucrose 
over the level seen just before the feed. The increases above the level before 
a feed in each case with and without sucrose in the diet were approximately 
the same. 

Two series of blood levels of reducing sugars and sucrose after a dose of 
sucrose whilst on lactose-glucose diet showed a rise and fall of sucrose in the 
two hours. One reducing sugar curve rose markedly and one did not. On a 
lactose-sucrose diet a dose of sucrose produced a sharp peak in the blood 
sucrose level, and a marked rise in the blood reducing sugar levels. 

These observations represent the broad outline of the results in Tables 1 
to 8. The three cases can be seen to vary in reaction to the different sugars 
fed (the excretion of lactose varied when sucrose was fed to different cases). 
Therefore no more exhaustive analyses of the records would yield useful 


results. 
Previous Literature 


There is remarkably little in the literature about the occurrence of sucrose 
in the urine. Various writers on carbohydrate metabolism mention that in 
cases of hysteria or in men seeking to avoid military service cane sugar may 
he added to the urine but since this does not produce any reduction in the 
usual copper test solutions it is an ineffective procedure! The high specific 
gravity of the urine might be noted and after hydrolysis glucose could be 
detected. This procedure however is not often carried out and this probably 
explains why so little has been written about sucrosuria which may, in fact, 
he commoner than is realized. 

REUSS (1910) describes the finding of various sugars in the urine of infants 
severely ill with gastro-enteritis and he found twelve with what he terms 
succharosuria. He explains this by suggesting an increased permeability of 
te bowel wall rather than by decreased or absent enzyme activity. There 
does not seem to have been any follow-up of these infants in convalescence 
{. see if the saccharosuria disappeared. JOLLES (1913) discussing tests for 

echarose in the urine mentions a child of two years with ‘“‘severe intestinal 
« tarrh’? who was treated with very sweet tea and passed saccharose in the 
uwiine, RENCKI and FALKIEWICZ (1934) describe a case of saccharosuria after 

pancreatic stone in a woman of 34 years. They think this was probably 


| 
| 
| 
| 
| 
t 


510 A. MONCRIEFF AND R. H. WILKINSON 


of endogenous origin. HOESCH (1934) reports a case, at a clinical meeting, « | 
a patient aged 22 years who for several months after a pancreatitis had 
glycosuria. Carbohydrate restriction led to a decrease in this but the specif: 
gravity of the urine remained high and sucrose was demonstrated. He co:- 
sidered that the sucrosuria was of endogenous origin. REINER and WEINE: 
(1939) describe a boy of seven months, admitted with fever, who was foun: 
to have a reducing substance in the urine. He was treated as a diabetic. 
More detailed studies of the urine showed that saccharose was present in the 
urine and that the amount present varied with the amount of cane sugar in 
the diet. When the child recovered from the febrile illness and was well lhe 
seemed to be free from saccharosuria. It is said that this child only passed 
saccharose when this was given with fructose. REINER and WEINER suggest 
that saccharosuria in their patient could be of alimentary origin (increased 
permeability of intestinal wall or decrease in intestinal enzymes). They 
favour increased permeability. Relevant to the cases described in the present 
communication is the fact that the boy was found to be mentally defective 
at the age of eighteen months. ELMER, KRASOWSKA and PTASZAK (1959) 
discuss the literature and physiology of sucrosuria. They think that normally 
a very small amount evading hydrolysis is absorbed through the wall of the 
alimentary tract and appears in the urine. They divide examples of the 
condition into exogenous and endogenous, and produce cases in adults clearly 
of exogenous origin due, they consider, to absence of enzyme (‘‘sucrolytic’’) 
activity in the gastro-intestinal tract. RABINOWITCH and MOUNTFORD (1947) 
give a valuable review of the metabolism of sucrose but as this deals with 
adults it does not altogether solve some of the difficulties revealed by the 
clinical findings and investigation in young children. They stress the very 
ready availability of sucrose given by mouth, as for example in insulin hypo- 
glycaemia when it restores the blood glucose level even more quickly than 
glucose given by mouth despite the need for preliminary hydrolysis before 
absorption. Gastric contents removed at one minute intervals after giving 


sucrose by mouth show the rapid appearance of dextrose and laevulose atid 


also substances of ‘tas yet unknown composition’’. It is clear that the norm: 
mechanism for dealing with sucrose acts rapidly and efficiently in adults an 


any degree of sucrosuria must represent a serious breakdown. Fox (195!)) 
investigating sucrose absorption in sprue found that the rise of blood sug 
levels (glucose) after a test dose of sucrose was lower than in normal subje: 


4 


suggesting that absorption was impaired or delayed or that hydrolysis w 
faulty, but he makes no comment on examination of the urine for sucros 
WILMER (1944) discussing the mechanism of sucrose damage in the kidn 
tubules concludes that in rabbits sucrose given intravenously in large do: 


produces severe tubular degeneration. 
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In summary the literature reveals examples of increased absorption of 
sucrose from the alimentary tract due either to increased permeability of the 
wall or decreased enzyme activity and hence decreased hydrolysis. The cases 
said to be of endogenous origin are difficult to understand and do not appear 
relevant to the present communication. 


Physiology 


The sugars of major interest in children’s metabolism are the hexoses— 
glucose, fructose, galactose and mannose; the pentoses—xylose and arabinose; 
and the disaccharides—sucrose (glucose + fructose), lactose (glucose + galac- 
tose) and maltose (glucose + glucose). All these sugars except sucrose reduce 
alkaline copper reagents. Sucrose has no reducing properties as the glucose 
and fructose moieties are joined by their respective aldehydic and ketonic 
groups. 

The sugars normally are absorbed from the small intestine as the mono- 
saccharides. The disaccharides are hydrolysed into their constituent mono- 
saccharides partly perhaps by the acid gastric contents and certainly by 
digestive enzymes found mainly in the succus entericus. The speed of absorp- 
tion of the monosaccharides across the wall of the small intestine is in the 
decreasing order:— galactose: glucose: fructose: mannose and the pentoses. 
The rate of absorption of one sugar is depressed by the presence of other 
sugars, e.g. galactose absorption is depressed when glucose is being absorbed 
simultaneously and still more so when lactose and glucose are present. 

Glucose, fructose and galactose are utilised by the body. They are carried 
across the intestinal wall by an active mechanism which is probably a phos- 
phorylating one, and this is active against a considerable concentration gra- 
dient. 

The other monosaccharides and the disaccharides (which are all little used 
hy the body) are also transferred across the wall of the small intestine. When 
they are fed to normal individuals in large enough doses they can be detected 
in the blood and in the urine. 

The blood levels attained after ingestion of the sugars depend on the quan- 
tiiy ingested, the rates of intestinal hydrolysis and absorption, of diffusion 
iio the tissues fluid spaces, of utilisation by the liver and tissues and the 
li inner of renal excretion. These factors vary for each sugar. Further, only 

‘cose and a small fraction of the fructose entering the blood from the intes- 
i.e can be utilised to any extent by the body tissues. The other monosaccha- 
ries have to be converted to glycogen by the liver. The sugar not used by 
|.« liver enters the systemic circulation and diffuses through the tissue fluids. 

\Vhen galactose and fructose are absorbed, the liver rapidly removes them 


st 
“d 
it 
e 
y 
lv 
) 
‘) 
1} 


512 A. MONCRIEFF AND R. H. WILKINSON 


from the blood, and the levels of these sugars and of glucose do not va'y 
greatly. The kidney tubules have a very limited capacity for absorbing 
galactose and fructose and these sugars appear in the urine, when their blow 
levels are comparatively low. Normally the absorption and utilisation of 
these two sugars are so closely balanced that their urinary excretion is 


minimal. 

Glucose metabolism need not be discussed except to remark that it occupies 
the opposite end of the scale of renal excretion. The renal tubules have a large 
‘capacity for reabsorbing glucose so that little appears in the urine until tlie 
blood level is high and the quantity delivered in the glomerular filtrate to 
the tubule for reabsorption is great. 

Sucrose, if it escapes intestinal hydrolysis and is absorbed into the blood 
stream, is not metabolised by the liver. It diffuses through the extracellular 
fluid space, is not metabolised by the tissues and passes in the glomerular 
filtrate to the tubules. Sucrose, as well as the other sugars which are little 
or never used by the tissues (e.g. lactose), are only reabsorbed by the normal 
tubules to a limited extent (10 per cent) and appear in the urine in raised 
amounts. Sucrose behaves like a foreign substance when it is present in the 
tissue fluids. It has been used as a measure of the extracellular fluid space, 
and the glomerular filtration rate. When given in hypertonic solution it 
can be used to increase the extracellular fluid space; to promote diuresis and 
to withdraw fluid from the subarachnoid space. The kidneys of animals may 
be damaged after such infusions. This brief summary is based essentially 
upon statements in various pages of PETERS and VAN SLYKE (1946). 

The application of paper chromatographic analysis to urinary sugar excre- 
tion in infants and children shows, because of its specificity and sensitivity, 
that most sugars are excreted in varying degrees. Dr. L. I. Woour (of tliis 
hospital) who kindly examined the urines of the patients under discussion 
by this means communicated the following levels found in post-prandial 
urine specimens from a large series of normal infants and children. The first 
figure indicates the highest level of the urinary sugar found in the majority 
of patients, whilst the second figure in brackets shows the highest figure found. 


Sucrose not more than 25 mg per 100 ml (occasionally 30 mg per 100 ml). Inf: 
excrete less. 

Glucose not more than 5 mg per 100 ml (occasionally 10 mg per 100 ml). Infa”1 
excrete less. 

Fructose not more than 7 mg per 100 ml (occasionally 10 mg per 100 ml), Most 


cases excrete very little. 

Lactose not more than 15 mg per 100 ml (occasionally 30 mg per 100 ml). Neon 
and older infants excrete up to 40 or occasionally 60 mg per 100 ml. 

Galactose not more than 10 mg per 100 ml (occasionally 15 mg per 100 ml). Infa:ts 
not more than 10 mg per 100 ml (occasionally 15 mg per 100 ml). 
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\rabinose occasionally up to 7 mg per 100 ml. Neonates and infants excrete up to 
7 mg per 100 ml. 

/-Xylose not more than 3 mg per 100 ml. Neonates and infants excrete up to 7 mg 
per 100 ml. 


Discussion 


\lthough the results obtained in the investigation of these three children 
leave no doubt of a serious disorder in the metabolism of certain sugars it is 
difficult to take the matter much further as regards the problem of failure 
of digestion or abnormal absorption. It has not been possible to investigate 
adequately the intestinal sucrase in vivo. Specimens of duodenal juice ob- 
tained from children thought to be suffering from fibrocystic disease of the 
pancreas have given varying results in relation to the digestion of sucrose. 
Considerable splitting must be taking place in the cases here described since 
vlucose and fructose appear in the urine after a test-dose of sucrose but it 
would appear that rapid absorption of sucrose is occurring before the usual 
has time to be totally 


digestive process — which is certainly rapid in adults 
effective. Increased or more rapid absorption does not appear to have any- 
thing to do with the state of the oesophagus since in children with a hiatus 
hernia who were investigated for the presence of sucrose in the urine com- 
pletely negative results were obtained. It is possible however that the fact 
of an abnormal condition of one part of the alimentary tract would permit of 
the assumption that lower down there may also be disordered function. It 
would appear that sucrosuria in the cases here reported is mainly due to in- 
creased permeability of the intestinal wall, thereby resembling the temporary 
condition noted in infants recovering from gastro-enteritis. 

The occurrence of mental defect may represent a genetic association but 
on the other hand the presence of excess sucrose in the blood might have 
been held responsible for producing a lesion in brain cells. In galactosaemia 
the abnormal presence of another sugar is thought to be responsible for the 
mental retardation and certainly improvement tends to occur when lactose 
is climinated from the diet. The serious effects of sucrose on the renal epithe- 
lim in experimental animals already referred to indicates the possibilities of 
similar toxie action on other cells of the body. To this extent—and clearly 
there is an element of speculation—the three ‘lesions’, viz. the metabolic 
error, the oesophageal anomaly and the mental retardation could be linked. 
Ii) view of the autopsy findings in case 3, of a brain which showed gross 
cl nges of a developmental nature, this hypothesis, however, must clearly 
be discarded until more examples of the syndrome have been studied. ; 

“he urinary sugar excretion of these three patients was not qualitatively 
0! juantitatively constant in relation to various dietary sugars. The excretion 
tcled to rise to a maximum over several days and short-term changes of 
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diet produced small effects, limiting the scope of trials (see Table 3). Each 
patient reacted differently to a lactose and sucrose diet in the amount of 
sucrose and lactose excreted. This variability has made it difficult to summarise 
some of the details of the effects of feeding sugars on the urinary sugar excre- 
tion of the three patients, but the following observations are thought to be 
valid. 

If milk (i.e. lactose) was fed, the presence or absence of dietary sucrose 
was paralleled by the presence in abnormal amounts or absence of sucrose, 
lactose and fructose in the urine. If lactose and sucrose were present in the 
diet and other sugars were eaten, each of them tended to appear in varied 
amounts in the urine. If lactose and sucrose were not fed, sugar excretion was 
normal. The results place the emphasis on the conjunction of lactose and 
sucrose in the diet of these cases of sucrosuria. REINER and WEINER (1939) 
found that fructose and sucrose given to their case were followed by sucros- 
uria. 

It has not been possible to obtain sufficient evidence to explain the error 
in sugar metabolism. Intestinal hydrolysis, absorption, liver and tissue meta- 
bolism and renal excretion may be at fault. No sucrose was excreted unless 
sucrose was fed, so the sucrosuria was not of the endogenous type. The 
intestinal splitting of disaccharides certainly occurred and was_ probably 
efficient. ELMER et al. (1939) were unsuccessful (as we were) in obtaining 
succus entericus during life. They felt that exogenous sucrosuria was probably 
due to the loss of sucrolytic activity of the duodenum so that ingested sucrose 
left the body as an unusable substance. They did not mention the excretion 
of other sugars in abnormal amounts in the urine such as were found in the 
present series. The succus entericus of case 3 obtained at autopsy was able 
to split sucrose and lactose actively. When lactose and sucrose were fed, their 
constituent monosaccharides appeared in the urine and it may be presunied 
that the splitting of sucrose and lactose occurred in the intestine. REINER 
and WEINER (1939) found no saccharase in the blood of either their patient 
or controls. Sucrose is not metabolised in any practical quantity by the tissues 
of normal individuals. Liver and tissue metabolism of the patients was jot 
exhaustively examined. One patient metabolised normal quantities of ga!vc- 
tose whilst on a lactose and sucrose containing diet. Case 3 in particular show ed 
a satisfactory weight gain when sucrose was excluded from his diet. The renal 


loads at which the various sugars appeared in the urine was not exami:ed 
in these patients. It was felt unlikely that the renal tubular absorption ‘as 
affected only when lactose and sucrose were fed. 

By a process of tentative exclusion it is suggested that the error in the m: ta- 
bolism of sugars is one of absorption when lactose and sucrose are fed toget’ er. 
Sugar absorption was otherwise normal—normal reducing sugar levels in ‘he 
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ood were found after the ingestion of glucose. When lactose and sucrose 
vere fed, hydrolysis occurred in the intestine producing an equilibrium mix- 
ture of disaccharides (lactose and sucrose) and monosaccharides (glucose, 
fructose and galactose). Though absorption of disaccharides is possible 
normally, it is suggested that it occurred unusually rapidly in these cases. 
Lactose fed alone appeared in abnormal quantities in the urine. When sucrose 
was present too, fructose, lactose and sucrose were rapidly absorbed. When 
fructose is absorbed rapidly it may exceed utilisation and the blood level 
rise to unusual levels. Raised lactose and sucrose blood levels followed the 
sugars rapid absorption. All these sugars have low renal tubular reabsorp- 
tions and so appeared in abnormal quantities in the urine. 

A great many interesting possibilities of abnormal sugar metabolism are 
raised by these cases. As further instances are recognised, it should be possible 
to examine the parts played by hydrolysis, absorption, utilisation and excre- 
tion in the metabolic error. 


Summary 


Three instances are described of the association in early childhood of 
sucrosuria, mental retardation and an anomaly of the lower end of the 
oesophagus, thus producing the three types of congenital abnormality in 
the one subject—inborn metabolic error, mental defect and an anatomical 
abnormality. Autopsy findings in one case revealed a congenital defect in 
the brain, thus ruling out any hypothesis that the mental retardation might 
he associated with a sucrosaemia. It is concluded that the sucrosuria resulted 
essentially from rapid absorption of the unsplit disaccharide but technical 
difficulties made it impossible to investigate further the failure of splitting 
or its degree. The previous, scanty, literature mostly deals with similar 
instances, as far as the sucrosuria is concerned, of exogenous origin. Careful 
study of the sugars fed and subsequently passed in the urine revealed a more 
complicated story than that of excessive alimentary absorption of sucrose 
and urinary excretion. Provisional ‘‘normal” values for urinary sugars ob- 
tained by chromatography are suggested. The close association of lactose and 
sucrose in the diet in relation to the occurrence of sucrose in the urine seems 
definitely established in the cases reported. Glucose metabolism was un- 


ffeeted. 


Thanks are due to many colleagues for their help, especially Mr. J. H. Docecart, 
"or. W. W. Payne, Mr. Waterston, Dr. L. I. Wooir and Dr. B. Warp. For the 
ird case we are indebted to Dr. R. E. BonnAM-CARTER and his colleagues at 
niversity College Hospital Dr. C. E. Dent, Dr. C. J. C. G. Hopson and Prof. 
PILCHER. 
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Acrodynia 
Treatment with Adrenolytic Drugs 


by J. C. PETERSON and ROY LAUGHMILLER 


Acrodynia is a generalized disease characterized by trophic changes in a 
variety of tissues. It begins insiduously and is seen most commonly in infants, 
but may also occur in toddlers, older children, and even adults (2, 12). 

Characteristically it begins with increasing irritability, anorexia, weight 
loss, photophobia, and sweating. There is usually marked increase in per- 
spiration in spite of cold clamminess of the skin. Thickening of the skin and 
hyperplasia of the skin gland structures give the skin a deadened rough 
appearance. The sweating results in a peculiar mousy odor. There is increas- 
ing erythema of the hands and feet, burning painful discomfort in these 
parts, in association there may be pyodermia and paronychiae. Sooner or 
later there is edema and induration of the hands and feet. Not uncommonly 
the nails may be shed. Rubbing and chewing or other manipulation of the 
hands and feet may be associated with secondary infection, gangrene, and 
spontaneous necrotic amputations of the digits. 

The tip of the nose and the cheeks may show trophic change similar to 
those seen in the fingers and toes; and one of our patients had a large part 
of his nose lost from gangrene. 

The general muscular structures of the body are characterized by flabbiness, 
and loss of knee jerks with this flabbiness is common. Hypertension is usually 
present, and in older individuals may lead one to suspect a pheochromo- 
cyioma. The patient is the picture of abject misery and in attempts to secure 
comfort may drape himself in many weird and bizarre positions. Stomatitides 
are Commonly seen in association with acrodynia, and not infrequently the 
tecth are shed without apparent reason. One of our patients, a thirteen year 
0! boy!, pulled at his teeth with his fingers, until he removed all of the 
incisors. 

‘‘ntreated the disease runs a course of from six to eight weeks in milder 
i! ortive forms through one which persists for many months and even for as 
lo .g as a year or two in more severe protracted cases. Recently HoLzEL and 


Not in this series and reported elsewhere (2). 
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JAMES (16) did a follow-up study on 213 cases who had been seen in thei” 
clinic. There had been 37 deaths in the group, 16 apparently directly as ; 
result of the disease, 4 who had died suddenly and with little explanation, 
and 17 as a result of secondary pyogenic complications, chiefly broncho 
pneumonia and related conditions. Of the survivors who could be followe:! 
73 per cent were apparently normal, while 27 per cent were characterized by) 
their families as being nervous and irritable. They also studied the survivors 
from the viewpoint of allergic diseases and found 10 in the group, an incidence 
not different from that of the general population. 

While acrodynia was first definitely described by SELTERS (18) in 1903, it 
had been recognized as an entity by Australian physicians from about 1885 
(9) on. In 1914 Swit (21) published the first description from Australia and 
in 1920 BILDERBACK (5) and BYFIELD (7) independently described the ap- 
pearance of the disease in the United States. WESTON (24) in 1920, discussing 
the same cases, which had previously been presented by BILDERBACK, at- 
tached the term acrodynia to the disease, a name which had previously been 
used by CHARDON (8) to describe an epidemic condition which occurred in 
Paris in 1830. Following the reports in 1920 the disease was reported from 
many parts of the world and now enjoys generalized recognition. 

In parts of England it has been much more common than in others, and 
it is probably seen more commonly in Australia than in any other area (1%) 
in the world. In 1921 Woop (26) was able to collect more than 92 cases for 
presentation at the first Australian Medical Congress. On the other hand 
FANCONI and BOTSZTEJN (14) reporting on the disease that occurred in 
Switzerland, characterized it as a rare disease, and in 1951 ANDERSON (1) 
was able to collect only nine cases reported from Norway. EPSTEIN (13) in 
a hospital in South Africa had been able to accumulate cases at the rate of 
about 1 per month over a period of two and a half years, and our own ex- 
perience had shown the disease to be not uncommon, as we have recognized 
10 cases in the past 5 years at Vanderbilt University Hospital. 

Almost no other disease has presented a picture in which so many false 
etiologic leeds have been plausibly established, only to fall into disrepu‘e 
with the passage of time and the failure of the associated therapeutic ide:s. 
Deficiency of each new member of the Vitamin B group was thought ‘0 
be the cause of acrodynia and administration of the vitamin capable of 
therapeutic triumph. Vitamin B, or pyridoxine having been the last 0 
follow this course. Even within the last year there have been case reports 
which this drug was cited as having marked therapeutic effect. Time 1: 
shown that these responses result from the clinical variability of the dise: -¢ 
and in chronic illnesses with anorexia any type of deficiency state may ens! 
WESTON in 1920 assumed that the disease was a recrudescence of the sai e¢ 
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disturbance which had been described by the French in the 1830’s, but now 
ii is apparent that there is no relationship between the two conditions. FREER 
in 1922 suggested that the disease was an autonomic nervous system dys- 
function, primarily an overactivity of the symphathetic system. This hypo- 
thesis fails to explain several symptoms which are more properly attribut- 
able to parasympathetic overactivity, such as sweating and salivation. 

In recent years CHEEK (10) has re-introduced the thesis that the disease 
represented an adrenal insufficiency and carried out some fundamental 
studies concerning the physiological responses of these patients. His studies 
showed an increased 17:ketosteroid excretion, in acrodynia patients and 
deficiencies of sodium and potassium. WILLIAMS and MCDONALD (25) in 
trving to substantiate CHEEK’s studies were able to show an increase in the 
plasma CQg,, levels of 40 MEQ being encountered frequently, but they were 
unable to verify sodium deficits or any response to adreno-corticosterone. 

Such studies, while surely establishing the presence of some fundamental 
disturbances in physiology, have not contributed materially to the etiology 
of the disease, nor to therapy, except to suggest the need for correction of 
disturbed electrolyte metabolism in some patients. More recently CHEEK (9) 
has postulated that the disturbances might be due to a fundamental injury 
to the renal tubular epithelium rather than to the adrenal glands. 

The etiology of the disease remains beclouded, though the deduction of 
ZAHORSKY (27) and the independent studies of WARKANY and HUBBARD 
(22, 23) and of FANCONI and BoTszTEJN (14) have established clearly an 
association between mercury and acrodynia. This association has been amply 
confirmed by many subsequent independent surveys. Also it may be pointed 
out that acrodynia occurs most commonly in those parts of the world where 
mercury is used frequently as a therapeutic agent. In England (16), South 
Africa (13), and in Australia (11), 6 to 7 per cent of the babies seen in well- 
baby clinie commonly receive teething powders containing high contents of 
calomel. The studies of FANCONI and BOTSZTEJN showed that the mercury 
therapy in Switzerland was not associated with the use of teething powders, 
hut in conjunction with vermifuges. This differential use of mercural pre- 
purations in the two countries also results in an age differentiation which is 
of striking significance. In England, Australia, and South Africa the disease 
is primarily one of infancy, beginning at the age of five to six months and 
being seen up through the second year. In Switzerland, on the other hand, 
tle disease is seen more commonly in older children. This epidemiological 
fuct strongly supports association of mercury in acrodynia and would make 
(1° association seem cause and effect, rather than casual. Those who object 
host (17, 20) to the idea of mercury causing acrodynia are primarily those 
ling in the area of highest incidence of the disease. While concurring in 
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recognizing the association of mercury and acrodynia they point out th.‘ 
disease is not recognized as a complication of mercurialism as seen in the 
treatment of congenital syphilis, that its frequency does not always parall:| 
the frequency of the use of mercury containing teething powders, and patien:s 
with severe acrodynia do not necessarily show all of the signs commonly sec 
in mercury intoxication, particularly salivation and alveolar necrosis. How- 
ever, stomatitis is a common part of the reaction of acrodynia and the loss 
of teeth from dystrophic disturbances in the alveolar process is commonly 
seen in the disease. 

Both WARKANY and HUBBARD and FANCONI and BOTSZTEJN have recog- 
nized the fact that not all patients with acrodynia show levels of mercury 
consistent with mercury intoxication. They postulate that the reaction is 
one of sensitization or idiosyncratic reaction to the mercury rather than one 
of primary intoxication. 

The demonstration of the association of mercury and acrodynia encouraged 
BIVINGS and LEWIS (6) to use dimercaptol (BAL) in treatment of acrodynia. 
In many instances they and others have shown that the use of BAL has 
yielded very gratifying and striking results in the therapy of acrodynia, but 
in other cases there are relative failures. In any event the therapeutic success 
of this measure has not been sufficient to gain universal acclaim for its use- 
fulness. Recently SouTHBY (20) in a requested authorative resume of pink 
disease, as acrodynia is called in Australia, could not accept the mercury 
theory of the etiology and did not mention BAL as a therapeutic measure. 

In 1949 we saw the first of a series of patients whose response to 2-benzy!- 
imidazoline HCl (priscoline) was truly dramatic, and it is the use of this drug 
and others having similar pharmacologic action that we wish to discuss. 

Independently, GILLESPIE (15) has reported on the use of this drug in thie 
treatment of a 26 month old boy who had severe acrodynia. His patient had 
a prompt sustained response to the administration of priscoline. 

Case No. 1. VUH 178761. A 6 yr. old white girl was admitted with the history of 
such uncomfortable burning of her hands and feet that she was unable to sleep or 
rest for a little more than a week. She was the picture of abject misery and erie 
continuously for the privilege of putting her hands in ice water, for the relief that s!:« 
got with this procedure. Her hands and feet were almost beefy red, swollen, cold a: 
clammy. She perspired excessively and had a moderate hypertension. 

No history of mercury ingestion could be obtained though she had been in the ha! 
of treating her own scratches with merthiolate, a mercury containing antiseptic, a: 
some metallic mercury had been spilled on the floor of her home. Urine studies show 
only 0.001 mg of mercury /liter and only 0.01 mg/liter after the institution of thera) 
with BAL. 

Treatment with BAL did not result in any dramatic change in her clinical conditiv 
and her misery caused us to consider other forms of therapy. At first we consider 
the question of using sympathetic block, but realized that this would be very fleeti: 
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id in reasoning further along this line decided to try to use priscoline. A dose of 
2.5 mg given every four hours produced almost immediate complete and continuous 
‘lief. The trophic changes in the skin of her hands and feet began to improve within 
24 hours. However, the administration of priscoline resulted in loss of appetite to 
where she refused all food. When the priscoline was withdrawn there was a very prompt 
reappearance of all of her symptoms. Papaverine was then tried and in doses of 15 mg 
every four hours gave complete relief without the disturbing gastro-intestinal reaction. 
She was maintained on this therapy for a period of about three weeks and then the 
drug was gradually discontinued. There was no relapse following this withdrawal of 
the drug, and the patient reamined well thereafter. 


In a single case such as this, and especially in one where the patient had 
been seeking relief from her discomfort by putting her hands and feet in ice 
water, one might have hesitation in accepting the validity of the diagnosis. 
It was quite possible that the ice water had contributed to the trophic changes 
in the hands and feet and that she actually had immersion disease. However, 
her disturbances had been well established before relief from immersion in 
ice water had been used, and the family had been cautioned from the be- 
vinning that its use was dangerous and had limited the immersions to short 


i=) 


periods of time. 

In the past four years we have had an opportunity to study six additional 
patients and their response to priscoline. These responses are briefly noted 
in the following case abstracts: 


Case No. 2. VUH 185948 CRH. An 8 mos. white male had received calomel as a 
sedative (teething powder) for about 6 months. For two months he had had flushed 
cheeks and nose and a rash over his extremities with coldness of the hands. He showed 
severe photophobia, hypotonia, and a maculopapular rash. The blood pressure was 
100 70. After 25 mg of priscoline the skin temperatures increased 7 degrees centigrade 
and he was much more comfortable. After three days on priscoline at 15 mg every 
4 hours, there was a decrease in the photophobia. Urine mercury was 0.08 mg/liter 
before BAL and, after BAL 0.06 mg /liter. 

Case No. 3. VUH 193983 LRB. A 9 mos. white male admitted with the history of 
rash and extreme irritability for two months. There had been increasing weakness 
and apathy with the assumption of bizarre positions. Examination showed a genera- 
lized erythematous maculopapular rash, marked hypotonia and a blood pressure 
118 ‘80. He was given BAL without immediate improvement. Priscoline in increasing 
doses to 20 mg every three hours gave marked relief, increased skin temperatures, 
and decreased blood pressure. Urine before treatment showed 0.04 mg of mercury /liter. 

Case No. 4. VUH 200085 JLS. A 32 mos. old white male with a history of eight 
weeks of extreme irritability, excessive sweating, and cold extremities. Examination 
svowed desquamated cold hands and feet which he rubbed together constantly. 
Viood pressure was 140/90. Skin temperatures were not appreciably changed by the 

ministration of 25 mg of priscoline, and clinically only minimal improvement was 
i ted during the first five days of treatment. Urinary mercury before BAL was 0.1 mg 

r liter; after BAL it was 0.13 mg /liter. 

Case No. 5. VUH 209797 CBS. A 9 mos. old white female admitted as a feeding 
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problem with a history of marked irritability and refusing to eat. Physical examinatio: 


revealed a maculopapular rash and cold extremities. The blood pressure was 100/80. 


After Priscoline, 12.5 mg by mouth, the infant became much less irritable, fed wel/ 
and fell asleep. She was treated with BAL and priscoline in doses up to 25 mg ever 
6 hours with good results. During her course a relapse was precipitated by temporari] 
withdrawing the priscoline. Urinary mereury was 0.02 mg/liter before BAL ani! 
0.18 mg/liter during BAL therapy. 

Case No. 6. VUH 21783 ERB. An 8 mos. old white male admitted with a histor, 
of intractable diarrhea of six months duration. On admission his hands and feet were 
cold, but not pink, and he was very irritable. His blood pressure was 125/85. Erythema 
developed shortly after admission. Priscoline in doses of 12.5 mg by mouth resulted in 
a fall in blood pressure to 100/75, and the skin temperature rose 5.5 degrees centigrade. 
He was treated with BAL and with priscoline in doses of 12.5 mg every 4 hours with 
marked relief of his symptoms. When priscoline was discontinued for 12 hours there 
was a dramatic exacerbation of his symptoms, again relieved with the resumption 
of priscoline therapy. The urine examination for mercury was negative. 

Case No.7. RAT. A 14 mos. old white female was admitted with a history of persis- 
tent rash, scratching of the hands and feet, and regression. The symptoms were of two 
months’ duration. On examination she was found to have red sealing hands and feet, 
marked irritability and blood pressure of 250/180. Early in her hospital course she 
became worse with extreme discomfort, generalized hypotonia, amounting to almost 
complete flaccidity. All of these findings were very susceptible to the influence of even 
very small doses of priscoline. Her symptoms could be controlled at will by the use 
of this drug, but her blood pressure remained at 160/100 even with 25 mg of priscoline 
every three hours. All efforts to find some other cause for this hypertension including 
complete renal studies was fruitless. After one and a half months of intensive study 
and treatment including a course of BAL she was much improved symptomatically, 
but was still hypertensive. Urinary mercury was 0.07 mg/liter before treatment and 
0.06 mg liter after treatment with BAL. 


These patients have illustrated to us in a manner which is inadequately 
described the marked symptomatic relief which patients with acrodynia can 
obtain from the administration of adequate amounts of drugs which produce 
adrenolysis and vasocilatation. There is no suggestion that priscoline has « 
specific reaction in the sense of inactivating a noxious agent. In fact, the one 
trial in which we used papaverine, its effectiveness was equal to that of 
priscoline, and in this instance papaverine was free of the undesirable sid: 
reaction of gastric discomfort which attended the administration of priscoline. 
These drugs seem merely to counteract a physiologic reaction present i! 
acrodynia. The pharmacologic action of priscoline is complex (3), parasy! 
pathicomimetic in that its action resembles those of acetylcholine and histami!:° 
and adrenolytic in that it blocks the pressor effects of epinephrine. In i's 
vasodilating properties it is second in effectiveness only to sympathectom 


In our patients we have observed primarily the adrenolytic reaction with i s 
resultant increase in blood flow to the extremities and lowering of the blow! 
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Chart 1. The effect of 25 mg priscoline (oral) on the skin temperature and blood pressure, 
Case 7. 


pressure, incomplete in Case 8. However, its parasympathicomimetic effects 
may be helpful in controlling sweating and salivation. 

-apaverine has a direct action on the smooth muscle of the vascular system. 
Its chief disadvantage lies in its more transient action. This may be over- 
come (4) by administering it as a rectal suppository making it available more 
slowly and prolonging its action. 

In Chart 1 we have shown the skin temperature response and blood pres- 
sure changes which attended the administration of a single 25 mg oral dose of 
priscoline in Case 7. There was a fall in blood pressure which appeared grad- 
illy, reaching a maximum in about 60 minutes and lasting to some extent 


'roughout the period of observation, about 7 hours. The change in skin tem- 
vrature appeared much quicker, reaching a maximum in about 30 minutes but 
so ebbing more rapidly than the fall in pressure. Similar though quan- 
‘atively variable responses were observed in most of the other patients. 
These observations do not shed any light on the etiology of acrodynia but 
some instances the continued general improvement which seemed to attend 
e abolition of the adrenergic reaction and the possible amelioration in the 
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hyperactivity observed with respect to other autonomic functions, sweatin, 
salivation etc., would seem to indicate that these reactions are of great si: - 
nificance in the disease process. 

Our studies have not been associated with any examination of renal fun:- 
tion which would enable us to evaluate CHEEK’s recent suggestion that altered 
renal tubular function is of great significance in the physiological pathogenesis 
of the disease. It is, however, reasonable to assume that relief from vaso- 
constriction might favorably influence the postulated renal disturbance. 

It would be of interest to carry out studies on the tubular function before 
and after the administration of priscoline in cases of acrodynia. 

In the past many forms of therapy and many different treatment mechan- 
isms have been thought to bring about relief in patients with acrodynia. 
Most have been quickly discarded when continued critical trials failed to 
bring about substantiation. We are anxious to present our experience with 
priscoline in the hope that others with greater opportunity to see many 
patients can better evaluate this therapeutic lead. It is our general impression 
that priscoline is more effective than BAL in producing early symptomatic 
relief. 

LAY in 1940 suggested that sympatholytic drugs might be effective, that 
most of the symptoms could be attributed to vasospasm. However he failed 
to attain any improvement in his patients by giving small doses of carbamino- 
choline. 

Our observations substantiate the report of GILLESPIE on the clinical effec- 
tiveness of priscoline. 

With a single exception, our patients show a possible association of mercury 
with the process, as judged from histories and from urinary excretion studies.' 

While priscoline has been observed to be effective to some degree in most 
cases it is not uniformly effective and other autonomic system drugs may 
prove to be equally, or even more, useful. BECKMAN (4) has suggested that 
glycine, without dangers of over-action might be useful and superficially tet- 
raethylammonium salts and hexamethonium may prove to be worth con- 
sideration as therapeutic agents in acrodynia. In this connection calcium, 
disodium, ethylendiamine, tetraacetate may prove more effective than BA!. 


in ridding the body of mercury. 


Summary 
1. Seven cases of acrodynia treated with 2-Benzyl-Imidazoline HCl (pr 
coline) have been presented. 


1 The mercury studies in our cases were performed through courtesy extended by | 


JOSEF WARKANY. 
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2, All but one of these patients obtained prompt sustained symptomatic 


lief. 
3. One patient who relapsed following withdrawal of priscoline therapy 
1-sponded to treatment with papaverine. 
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From the Department of Pediatrics at Tulane Medical School, the Premature Unit 
at Charity Hospital of Louisiana, and the Urban Life Research Institute of Tulane 
University, at New Orleans. 


Care of the Premature Infant 


A Résumé of a Study on Social Organization and Function of 
Nursing Services in a Premature Infant Center 


by R. V. PLATOU, JOHN H. ROHRER and ELAINE ALLEN 


Introduction 


It is common knowledge that the functions of personnel in many medical 
disciplines have changed considerably through the years—and also that they 
differ remarkably among various countries, communities, and institutions. 
One segment of the total spectrum of medical service in which various impacts 
consequent on these changes are of greatest concern to pediatricians is that 
which deals with nursing care of newborn infants—especially those born 
prematurely. For years, and particularly since the abruptly precipitated 
shortages of nurses in our civilian hospitals brought about by World War II, 
there has been an obvious and urgent need for redefinition of premature care 
duties; generally, this has been accomplished quite informally. 

Local, state, and national groups and agencies have long appreciated the 
need for a periodic and realistic re-evaluation of standards for the care of 
newborn prematures. Feeling most acutely this need in a large, complex, 
and chronically understaffed unit for care of premature infants as well as 
for training of nurses and physicians, advice and guidance in this problem 
was sought from the Urban Life Research Institute at Tulane University. 
This Institute is a basic social science research facility primarily interested 
in problems arising from social interaction. After many exploratory conferen- 
ces, the present study was initiated by the staff of the Urban Life Research 
Institute with full cooperation of all interested agencies, departments, or 
individuals.! 

This brief preliminary note, based on a full year (June 1952 thru Jine 


1 The Administrators of Charity Hospital of Louisiana at New Orleans, Louisiana *%' ite 
Department of Health—Maternal and Child Health Division, Children’s Bureau—U.S. e- 
partment of Health, Education, & Welfare, Departments of Pediatrics at Tulane and L.>.U. 
Medical Schools, Medical and Nursing staffs of Charity Hospital, the Committee on ‘he 


Premature Infant Center, and all workers in the Unit. 
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1953) of intensive study of the social organization and functioning of nursing 
services in our Premature Infant Center (2), is presented now with the hope 
‘hat it will be of interest and of some help to others who deal with similar 
problems; we realize full well that many of our findings and conclusions will 
lave limited counterpart or application elsewhere—though some may have 
direct bearing in many places. 


Background and Setting 


An outstanding historical trend to be noted in nursing is the ‘‘drive for 
professionalization”—completely understandable and in the main commend- 
able. All doctors are familiar and have had ample experience with this trend 
so that it doesn’t seem to need further amplification or explanation here. 
ledication to service has been a salient feature of nursing from its inception 
as an occupation; traditionally, nursing care has been synonymous with 


TABLE 1 


Premature infants born at Charity Hospital, July 1, 1952-June 30, 1953. 


Admitted Survived Per coms 
Survived 
Under 500g . . 40 0 0 
Over 2270 hak 26* 18 69.2 


* Usually admitted to “term” nurseries; these had important complications justifying 


special care in the Premature Unit. 
TABLE 2 


Premature infants born elsewhere, same period. 


Admitted Survived 
2001-2500 52* 45 86.5 


* Most of these admissions were justified by disease, congenital defects, or injury. 


‘it 
al 
Ly 
ts 
mn 
ed 
re 
he 
of 
m 
or 
1e 
U. 
he 


528 R. V. PLATOU et al. 


bedside attention to patients. More recent trends—inherent in increasiny 
professionalization—have brought about almost innumerable local as we! 
as worldwide problems centering about proper definition of duties—who cai 
do what, and when? Along with either planned or unplanned transferral to 
nurses of duties and responsibilities once considered to be strictly those of 
the doctor (1), there has been an understandable transferral of many tasks 
from graduate nurses to students, practical nurses, nurses’ aids, maids, or 
volunteer workers of various categories. 

Impetus for such trends has come from many forces—altruistic and eco- 
nomic, as well as from the exigencies of our changing social structure. Solu- 
tions and compromises have been varied and bizarre within the recent memory 
even the young ones. 


of most practising physicians and nurses 

The Premature Unit at Charity Hospital is literally a “hospital within a 
hospital”, with facilities which have accommodated as many as 155 premature 
infants at a peak daily census, but which on an average day during this study 
cared for a caseload of 105 infants with birth weights less than 2.25 kg. 
Medical supervision and care is furnished from the three pediatric services 
of Charity Hospital—Tulane University, Louisiana State University, and 
Independent divisions. Details of physical equipment and arrangement need 
not concern us here, but Tables 1 and 2 set forth current admissions and 
survivals by conventional birth weight categories, and attest the general level 


of load and performance (3, 6, 7). 


The Problem 


Organizational plans originally called for what we now believe to have 
been an overly optimistic roster of personnel; we have accomplished much 
with a necessarily curtailed payroll. How much better performance mig!it 
have been with staffing maintained according to original plans will of course 
remain highly conjectural. Recruitment has been a continuing and continuous 
problem—complicated almost daily by many familiar frustrations. Table 3 
sets forth the designations and numbers of personnel originally proposed ani 
budgeted; these were based on standards contained in the familiar Childre: s 
Bureau publication available at that time (4a), but corrected for our curre::t 
census. Opposite these more or less “ideal” figures appears an average, :! 
approximation, of the usual number of people actually working in the Un, 
followed by a numerical expression of the ‘balances’? we have experienced. - 
and somehow got along with for a number of years— in each category. T! 
is not to indicate, or even imply, a new set of standards; it simply sho: s 
what had to be done, emphasizes the justification and real need for periodica' ¥ 
and realistically reappraising this problem in such fashion. 
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TABLE 3 


Current personnel problem. 


Proposed Actual** “Balance” 
(part-time) 
Assistant Supervisors ... . 2 2.5 + 15 
Total 114 64.5 — 49.5 


* Number necessary on roster to provide daily attendance of 84, and thus six hours of 
nursing care every twenty-four hours for each of 105 babies. 


** Fiscal year, 1952-1953. 


The interaction pattern of personnel in the Premature Unit was complicated, 
being characterized by a shifting back and forth from formal and well defined 
social status positions to more or less poorly defined functions or assignments 
taken on voluntarily or on demand to meet urgent needs and to close the 
tremendous gap shown to exist between ‘ideal’ and “actual” staffing. 
Early in the study it was realized that a surprisingly large number of fune- 
tions had been assumed by or forced upon aids! who had then continued to 
be responsible for performing remarkably varying and sometimes weird 
combinations of duties; an important sidelight of our analysis was to expose 
and clarify many of these informal assignments. 

Theoretically, a formally specified or written description of a person’s 
duties in any organization should indicate quite clearly what he actually 
does; actually, as almost everyone who has ever worked in any hospital can 
attest, deviations from this theory are often more the rule than the exception. 
Of necessity, many informal functional positions are generally recognized 
and accepted; most of these arise from acute or chronic functional needs 
within an organization. Sometimes they are ‘“‘picked up’? and worked into 
nore formal categories as a natural result of growth and experience. Here 

ain, shift from formal to informal status must quite necessarily occur many 
tiny times daily for any worker ‘worth her salt.’’ Generally, any increase 
size and complexity of a given organization results in increasing demands 
ior formalization and a less permissive attitude for informal handling of work 

‘ivity even in the face of obviously increasing need; ensuing or resulting 

viations are controlled or permitted by essentially negative sanctions. 


Nonprofessional workers, “‘trained on the job.”’ See also page 533. 
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Attitudes and Sources of Frustrations 


Psychologically, one can expect an increase in individual frustrations an‘ 
breaks when the total load of formal and informal functions is excessive, 
when formal structures are at variance with or contradictory to inform::| 
ones, or when defined or sanctioned responsibilities and authorities are in 
conflict for a particular person or time. Furthermore, in very many hospit:il 
situations we find numerous schismatic social roles—roughly, only respons:- 
bility without authority. Take, for example, the everyday problem of meeting 
the nutritional needs for infants; authority for prescribing these traditionally 
rests with the physician, though responsibility for seeing that they are met is 
equally traditionally, but nevertheless informally, an accepted but poorly 
defined function of the nurse. The doctor depends on the nurse for guidance 
in feeding the infant, but seldom gives her authority to exercise independent 
judgement even though her practical experience may be much greater than 
his. Recognized or not, the opportunities for misunderstandings, conflicts, 
and frustrations arising from this single split between responsibility and 
authority are obvious, though this is only one of many schisms which the 
discerning physician can recognize daily in his work. 

Most of the psychologic problems brought to light during this study cent- 
cred about status-role conflicts. All were important, but variations among 
individuals and groups were such that it did not seem possible or practical 
to grade them in any order. However by independent analysis of ‘‘on-the-job” 
observations, interviews, and role-card data gathered during the study, tlie 
team of sociologists, psychologists, and social anthropologists found it possible 
to group these in five categories or types: 

(1) Carrying out duties tabooed by formal description or tradition for the 
status occupied—e.g., an aid assisting a physician in a procedure to which 
she is not accustomed. 

(2) Occupying simultaneously two statuses in which the role activities of 
one interferes with those required in the other—e.g, an assistant supervisor 
functioning as a staff nurse, while working with a head nurse. 

(3) Assuming responsibilities for which the individual feels inadequate—e.¢., 
an inexperienced aid requested by a resident physician to “set up a tra) 

(4) Conceiving or perceiving that one’s role activities are essentially t!¢ 
same as that of another who receives greater social or financial rewards—e.: 
a staff nurse perceiving that she does the same work as a head nurse, but f 
less pay. 

(5) From conceived or perceived schisms—(v.s.). 


In addition, expressed or implied conflicts centered about absenteeism 
always a problem in organizational functioning. We found that reactions ° > 
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«bsenteeism were varied, usually fatalistic, sometimes bitter. Data from 
interviews indicated quite strongly that absenteeism frequently was an 
expression of frustration and hostility directed toward authority. Also, 
professional nurses were usually found to believe that absenteeism was most 
prevalent among the nonprofessional workers: “It’s reasonable to expect 
aids to take time off when they wish, since they haven’t had the training in 
ethics we nurses have had.” Analysis of records as to absenteeism for various 
categories of personnel failed to substantiate this prevalent opinion among 
graduate nurses, but showed rather no conspicuous differences by category. 


Social Values 


To a large extent, personnel in large units tend to form ‘cliques” related 
to their major interests, backgrounds, seniorities, or grades. Ours was no 
exception; the most obvious groupings were ‘‘old’’ versus ‘“‘new,”’ and ‘‘teach- 
ing’ versus “care”? groups. In the main, these and several other groupings 
seemed natural and understandable, but they were certainly accentuated by 
staff selections made specifically for the purpose of achieving our two major, 
but nevertheless inseparable, goals—care of a large load of premature infants, 
and conduct of a continuous teaching program. For some groups, efforts 
toward achieving these two goals could be closely integrated, but for others 
integration was extremely difficult; the study disclosed remarkable degrees 
of active and passive cooperation or antagonism. Commendable, and certainly 
understandable emotional identifications or intense possessive feelings on the 
part of experienced ‘care’ personnel toward certain infants in their charge, 
together with highly knowledgeable but nevertheless intuitive judgment as 
to their proper care, often constituted road-blocks to effective formal teaching 
programs going on simultaneously. 

As a necessary part of rigid isolation technics, our Unit is physically set 
apart to minimize traffic from other parts of the hospital. More than this, 
however, careful analysis of recorded informal interviews indicated quite 
clearly also that those who care for these premature infants seem unconsciously 
t» form a ‘‘psychological” protective wall about them. This was particularly 
s!viking in the attitudes of the more experienced employees and was considered 
'» be an important factor interfering with a number of contemplated changes 
duties and technics. 

‘rustrations encountered by individuals equally interested and intensively 

iving for either of the Unit’s major goals were sometimes obvious, and some- 

ues subtle causes for unsatisfactory relationships. Here again, a serious 
tage of properly qualified professional nurses, with a consequent need 
depend on more and more nonprofessional personnel, was opposed by the 
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4 


formers’ reluctance formally to delegate customary and traditional duti: 
or assignments. As a frequently recurring example, a professional nurse oft: 
finds it necessary to delegate the initial feedings of a new infant to an expe: 
enced aid; yet, if any trouble ensues, the nurse is of course responsible! 
When personnel were asked to rate tasks according to their relative impor: - 
ance, several interesting observations were made. In rather direct relationshi; 
to experience, emotional disturbances occurred; student nurses or receiit 
graduates tossed off this questionnaire usually in twenty minutes or less, 
while the older and more experienced nurses took several hours, raised many 
questions while working over the same form, and left little doubt as to their 
emotional turmoil when they were thus “pinned down” to specific choices. 
This particular questionnaire included sixty-one items, and the common 
reaction of experienced personnel was to exclaim, ‘‘Why, all of these are in- 
portant,” or ‘‘Everything we do in the Nurseries is important—for the babies!” 
In contrast, it was repeatedly and easily observed during the conduct of thie 
study that these very same experienced people, at work, could apparently 
make quick and comfortable, seemingly subconscious adjustments and deci- 
sions that must have involved essentially the same reasoning they had 
employed with such great difficulty to “rate” similar items in their abstract 
questionnaires! It seemed clear that the more experienced workers were 
perfectly willing to make whatever adjustments were called for by any 
situation, though few of them were willing to express formal approval or give 


sanction to such action. 

All but the newest and youngest aids and nurses were found to be generally 
familiar with the published recommendations as to standards for care of 
premature infants (4, 5); also, they were quite clearly aware of many obvious 
daily discrepancies between these recommendations and prevailing shortages 
on the urits in which they were working. Despite this, none was disturbed 
enough by these discrepancies apparently to answer positively the dire:t 
question, “Do you feel that we need a staff of professional nurses to furni- 
six hours of care per day for each infant?”’ On the other hand, student nurs«s 
and relatively inexperienced aids—perhaps sometimes literally ‘“knowi'g 
no better’’—usually considered current staffing quite adequate. Furthermo::, 
they quite regularly volunteered commendation for the quality and quanti y 
of work done by the aids, usually following such commendation with remars 
such as “These aids here really work. Why don’t they have them in ot/:r 
parts of the hospital?” Quite consistently, the attitudes portrayed by su !1 
remarks of student nurses were shared by others privileged to see at firstha: | 
how truly effective and responsible our aids were, working side by side w: !1 


professional nurses. 
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Training for Care 


Quite obviously, older and experienced aids rather invariably merited 
their apparent feelings of importance, possessiveness, and responsibility for 
carefully “breaking in” new workers; their interest and possessive attitude 
seemed to make them remarkably careful and effective as individual crib-side 
teachers. Certainly, new aids appeared to get their best and most closely 
supervised training experience and seemed to learn more effectively from 
these older colleagues than they did from the professional staff. High morale 
among nonprofessional workers seemed best explained by this assumption 
of responsibility by senior members of this new status group. While new aids 
were “learning by doing’’ under such interested and experienced supervision, 
professional training or ‘‘teaching” went on simultaneously in more formalized 
schedules of classroom exercises and work assignments. Many members of 
the medical staff are convinced that the best interests of ‘“‘the premies’’ are 


served by the type of “learning experience” given to aids! 


Distribution of Work 


The study established by direct observation that roughly 82 per cent of 
the total care afforded our premature infants is furnished competently by 
aids—nonprofessional workers who are trained on the job. At present, in 
our unit, these people may perform all customary nursing procedures except 
gavage feedings or preparation and administration of medications—though 
their actual responsibilities and daily duties vary considerably with stresses 
of census versus staffing at any given time. Figure 1 shows how several selected 
and highly typical tasks were distributed between nurses and aids, as determined 
by carefully recorded observations continuing through the entire year. In 
these duties, as well as in many others similarly checked but not detailed here, 
there were numerous disparities between actual practice and our own earlier 
recommendations. 

The educational background of aids was of some interest; of 39 at work 
during the period of this study, 5 had had one to three years of college educa- 
tion, 20 had graduated from high school, and the remaining 14 had progressed 
t« various levels from the fifth to tenth grades of schooling. Thirty-six had 
recived all of their training informally at the crib-side in our unit, while 
6 'y 3 had received additional and earlier various short nurse-aid courses 
¢!-owhere, 

mprovements are—and perhaps always will be 
Cisensus now, however, is that our record of performance, reflected by 
‘.-n crude survival rates (Figure 2), is due as much to the load carried by 


possible; a reasonable 
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these babies as we do! 
the worker who conducted “on the job” interviews through the entire year 
that “At no time has an attendant been observed to deviate from the pre- 
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DISTRIBUTION OF WORK * 
-selected items- 


@-RN. WA=AID = STUDENT 


MEDICATIONS ..-. -- ---- 
ASSIST MID. 
CHARTS, REPORTS.._.... | 77777777771 
FEE DINGS, EARLY...__- 777777777) 


FEEDINGS, INTERMEDIATE 7777777 
FEEDINGS, LATE......_. 777777777) 


DIAPERING --.-........ 777777 
- 7772777772 ZA] 


* Per cent frequency, by personnel 
classification 


Fig. 1. 


interested aids learning while they work as it is to more formal training of 
the professional staff. During the conduct of the entire year’s study, nurses 
never heard accusing attendants of neglecting infants—rather, and 
usually, the attitude of nurses was ‘‘Some of these aids know as much about 
Furthermore, it was observed and emphasized by 


scribed isolation technics for care of infants.” 
It seems obvious to us then that many practices disclosed by these observ a- 
tions deserve or demand continuation, expansion, improvement, and perhaps 
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»me formalization during the inservice “learning’’ program for aids, under 
ioser guidance and control of a relatively small and still-decreasing staff of 
rofessional nurses. 

With the trend to greater dependence on services of nonprofessional workers 
more or less informally ‘worked in” one might well ask why most of us have 
seemed apparently to believe so strongly in and adhere to a formal organiza- 
tional pattern and training program. There are several reasons: first, ‘Swe 
must meet standards” (3, 4, 5); second, as a refuge or compensation perhaps 
for successful inroads made by relatively poorly planned and informal pro- 
vrams of learning; third, a prevalent belief that ‘“‘Spremies always need special 
_—“emergencies all 


care and planning’’—‘‘they are relatively unpredictable’ 
the time’; in some way, it is apparently felt that a formalized structure can 
deal most competently with any unusual situations or emergencies. 

While all experienced physicians would agree that emergencies requiring 
the prompt attention of skilled workers commonly arise in the early care of 
Inany premature infants, the conviction we have gained from this study is 
equally inescapable: namely, that most nursing functions in a premature 
infant center are routine, simple, and require mainly for satisfactory perform- 
ance a willingness to learn and a devotion to duty—whether or not the 
worker is professionally qualified. 


A Projective Role Test 


In order to check against potential biases of the research staff, and to in- 
vestigate further the reliability of field data gathered through interviews, 
a projective role test was developed. This consisted of 18 drawings, half 
of them depicting common situations characteristic of the daily workings in 
our unit, and the other half portraying deviations from accepted procedure. 
Recorded independent interpretations made by all nurses and aids were then 
unalyzed separately by members of the research staff, particularly for content 
of perceived roles and for expressions of anxietysany apparent anxieties were 
further studied in efforts to discover means taken for reducing them. All 
indices of anxiety were scored for source as well as for compensatory or re- 
ducing mechanisms. 

‘ndices of anxiety could be characterized as explicit or implicit—the latter 
hing recognized by apparently purposeful misidentifications, outright rejec- 
ti ns, or recital of negative incidents and expected sequelae of the perceived 
re or situation. Sources of anxiety fell into three main categories—violations 
«' prescribed or expected behavior, distress arising from interpersonal situa- 
| ns due to perceived faulty technics or equipment, and undetermined 

irces. On final analysis, it was found that practically all of the anxiety- 
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reducing technics fell into four rather sharply defined patterns; in oth:r 
words, “refuge”? was taken quite clearly through explanations based on: 


(1) Insistence on traditional or formally prescribed behavior in a depicte:| 
situation—e.g., “It simply can’t be done that way!” 

(2) Dependence—or “‘shrugging” the problem on to higher authority—e.¢., 
“T wouldn’t know about that—I’d have to ask the supervisor.” 

(3) Negative sanctions or disciplinary referral to higher authority; expresse« 
or implied adverse criticism and reprimand—e.g., ‘“‘That nurse should be re- 


ported.” 
(4) Mechanisms obscure—apparent distress, but no comment! 


When nurses or aids were pressed for further explanations as to means for 
reducing anxiety, about a fourth reiterated prescribed behavior and a third 
used rationalizations—e.g., ‘‘Well, probably that was an emergency,” etc. 

Obviously, a test of this sort, applied to a number of people coming from 
various backgrounds and experiences, would measure degrees of both personal- 
and role-anxiety factors, despite the fact that the pictures were designed 
primarily to test the latter. From a brief summary which appears in Table 4, 
it can be seen that professional nurses expressed more anxieties or fears, 
but that aids had significantly more situational or objective bases for their 
anxieties. The only category in which nurses and aids differed significantly 


TABLE 4 


Comparison of anxiety indices and anxiety-reducing technics (Role Card Study). 


Median for | Median for 
Nurses % Aids % 
Explicit anxiety** . 15 0.0 
anxiety** . . . . 85 100.0 
Mis-identification* . . . . 65 50 
Rejection 7 0 
Censure* 22 37 
Sources of anxiety: 
Tabooed practices. . .. . 38 38 
Interpersonal situations** . 37 50 
Anxiety-reducing technics: 
Prescribed behavior . .. . 34 33 
Dependent behavior** . . . 24 35 
Negative sanctions .... 6 0 


* p 0.05. 
** » 0.01. 
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in their technics for reducing anxieties was in the greater tendency of the latter 
io shift the problem or blame to others (dependence). These observed differ- 
ences are taken to indicate that aids had freer outlets or refuges for their 
unxieties—so they had fewer anxieties! 

Thus, this approach through perceived role-analyses appeared to confirm 
rather nicely the earlier impressions gained by interviews and observation. 
It might be said that aids were perhaps less apprehensive, more easy-going, 
and more practical in their approaches to everyday routine nursery problems, 
relying for guidance in any unusual situation on higher authorities; profes- 
sional nurses, on the other hand, had more anxieties and tensions, more 
formal approaches to solution of common problems, and expressed less concern 
with practical situations than with their possible effects. One might philos- 
ophize at some length over the relative merits of these two patterns from the 


viewpoint of the premature infant! 


Intra- and Intergroup Feelings 


In our next step, responses to these same “role cards’’ were evaluated by 
groups—supervisors, staff nurses, and aids—to see how these three major 
groups felt about themselves, others, and their total unit-relationships. By 
comparing inter- and intragroup similarities or differences, varying degrees of 
conflict or acceptance might be documented, more accurate evaluation of the 
relative importance of various status-roles might be made, and a number of 
limiting emotional factors might be revealed. Resulting responses and inter- 
pretations might then have value in guiding our original and primary objective 
of realistically redefining duties for the various grades of personnel without 
too many avoidable reverberations. 

Conspicuous differences between perceived role-status either within or 
between these three groups were considered to represent conflicts due either 
to frequent shifts in formal or informal actual roles or to varying degrees of 
acceptance of these. 

Supervisors and staff nurses, judged by frequency and type of responses, 
perceived essentially the same general patterns—the latter attributing perhaps 
only a slightly higher majority of role descriptions to the undifferentiated 

«ial status of ‘nurse’, and having apparently less concern or identification 

th their own formally designated status than did the former. Responses of 

th groups frequently revealed relative distrust in the competence of aids 
i) many common status roles with which professional nurses were ordinarily 

‘umed to have no difficulty; aids were regarded most frequently as ‘“‘nurse- 

ipers” rather than independent and responsible workers. Perhaps strangely, 

is generally perceived their own roles in a similar light, maintaining defer- 
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ence to or working with and for nurses rather than doctors, carrying on'y 
indirect responsibilities and directed functions in infant care. 

There thus appeared to be no important differences, as revealed by coni- 
paring group responses to pictured common nursery situations, among or 
between supervisors, staff nurses, and attendants; in general, the conceyt 
of any hierarchy was relatively minimized, and responses revealed no ini- 
portant differences in concept as to how or by whom various activities were 
being performed. These analyses furnished valuable and independent con- 
firmation of results secured by recorded interviews, observations, and ratings; 
they will be used as indicators of limitations within which a given role miglit 
vary and still be considered to fit properly in a formal status. 


The Relative Importance of Tasks 


In the ‘‘job-evaluation” referred to earlier (see page 530) 61 items were in- 
cluded in the form; 39 had originally been prescribed for registered nurses, 
10 for aids, and 12 for either status. Both care and non-care items were 
included and their position on the evaluation sheet was randomized. Personnel 
at all levels, 64 in all, completed the forms. Results were analyzed for all, 
by status groups, and by items. A measure of central tendency for each item 
was computed by finding the interval at which the median was located. 

Little agreement was found as to the relative importance of tasks. There 
was no surprise in the discovery that 10 of the 13 items having highest median 
scores involved direct care of infants—as opposed to such tasks as cleaning, 
charting, reporting, ete. Eight of the 13 ‘‘most important” items had been 
originally prescribed for registered nurses. The conspicuous lack of agreement 
among 64 individuals in their median interval scores for 61 items chosen wis 
probably due to several factors—a prevalent feeling (especially among tlie 
most experienced) that ‘‘all these things are important”’, that true differences 
1 


in relative importance were really negligible, or that differences in opinic 


related to experiences or job were masked by the groupings employed. On 
the last of these three possibilities could be excluded by statistical treatme'. 

No important differences in final ratings were discerned in relation to diffe'- 
ent job classifications or varying lengths of experience. It was found, howev« ' 
that personnel in each job classification tended to exhibit more variabili' 


in weighing the importance of their own commonly accepted functions th 
they did in rating the work of others. 
The observed slight variabilities between groups were considered to hi 


resulted from such standardization of routines that the occasion or opportun!' v 
for studying or appreciating the relative importance of usual and ordina 
functions were minimized; when personnel were ‘pinned down” to the ta < 
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rating their own highly routinized jobs, confusion was reflected by rather 
markable variations as to ratings within groups. Conversely, when rating 
inctions which were ordinarily done by or formally prescribed for others, 
mited experience was reflected by a decreased variability of response. 


Summary 


This inventory or evaluation of social organization, attitudes and relation- 
ships of personnel and current work distribution has been, and we hope will 
he, helpful in our continuing efforts to improve our programs of caring for 
premature infants and of training others in this work. Most of the faults 
brought to light by this study are probably not unique in our unit, and 
practically all of them are correctible. 

Necessarily greater dependence on aids—nonprofessional persons trained 
on the job—has evolved as a reasonable, practical, and effective solution to 
current and increasing shortages of professional nursing staff. Closer integra- 
tion of care and training programs will almost certainly require expansion of 
learning experiences and responsibilities for aids, with more and more of the 
time and talents of a carefully selected but relatively small staff of professional 
nurses devoted to supervision and training efforts. Experienced nonprofes- 
sional care personnel deserve and should have increased formal recognition as 
an important step toward further success in both care and training programs. 
Also important are a number of changes aimed at integrating more closely 
these two major objectives and at correcting as best we can those causes 
for conflicts, anxieties, and frustrations revealed by this study. 

Whatever successes we have enjoyed in our care program have been achieved 
despite serious and continuing shortages of personnel in all categories. A 
consequently huge care-burden of itself has quite apparently and logically 
forced experienced nurses and aids to impress on all newer workers very 
forcibly and quite effectively the concept of ‘‘devotion to care duty”? as the 
most important value guiding all activities in this Unit. This concept in turn 
seems to demand further opportunity for informally supervised crib-side 
learning experiences even under the pressures of a caseload such as ours, if 

e are to attain greater successes. 

From these facts and generalizations, several hypotheses seem justified 

id are probably widely applicable: 


(1) When joint goals of care and training exist in a hospital unit, major 
uphasis will probably always be given to the former. 

(2) The ability to assume responsibility for performance of any procedure 
ll vary directly with understanding, skill, and experience in that procedure. 
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(3) Real or perceived ambiguities in responsibilities or authorities w:!l 


interfere with accomplishment of goals. 


(4) Exposure and correction of psychologic or social bases for conflict within 


any programs can do much to further the successes of such programs. 


(5) Finally, standards and recommendations will probably always require 
y; 


major modification on the basis of purely local considerations. 


w 
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From the Children’s Clinic, University of Helsinki. 
(Chief: Professor ARVO YLPPO.) 


Vitamin D and Phosphorylation of Thiamin 


by C.-E. RAIHA and 0. FORSANDER 


The thiamin resorbed from the food is mainly found in unbound, free form. 
The thiamin develops its physiologically active phosphorylated form inside 
the living cell, where it is also protected from the influence of splitting phos- 
phatases. If a person’s diet is rich in thiamin, the content of cocarboxylase 
increases ‘slowly in all the cells. The easiest way of investigating this phe- 
nomenon is by analyzing the content of cocarboxylase in blood. All the cocar- 
boxylase in the blood is found inside the blood cells. 

In the spring of 1951 we investigated the cocarboxylase content in blood in 
a great number of children at the Children’s Clinic in Helsinki (RATHA and 
FORSANDER 1953). If the children got thiamin intramuscularly the cocar- 
boxylase in the blood began to increase slowly, but, if they simultaneousiy 
got an injection of vitamin D, the cocarboxylase content increased in a high 
degree in many cases (RAIHA and FORSANDER 1951). This influence of the 
vitamin D was more obvious in children than in adults. This may have been 
due to the possibility of the subjects having been ‘“‘saturated” with vitamin 
I) before the experiment, and an additional supply of vitamin D could not 
then be observed. 

secause an extensive material would have been necessary for proving 
statistically an activation of the phosphorylation by vitamin D in humans 
and, further, because it is difficult to determine the ‘‘degree of saturation” 
of vitamin D in humans, we have performed experiments with white rats, 
by which it is easier to get identical conditions. 

Fifteen white rats, 3 weeks old, from two different litters of 7 and 8 youngs, 
were mixed and divided into 3 groups of 5 youngs in each group and placed 
in cages in a dark cellar. For 21 days they were all given plenty of water and a 
special diet, which resulted in a deficiency of vitamin D. Group I (the normal 
up) was given every 7 days 1000 IU of vitamin D mixed in the food. Nine- 
toon days after the beginning of the experiment the animals in groups I and 
I! were given 1000 IU of vitamin D and 10 mg of thiamin mixed in the food. 
(::0oup IIT were given only 10 mg of thiamin. Two days later blood samples 
\ re drawn from the animals directly from the heart under ether anaesthesia. 
To 2 ml of blood needed for the analysis were not obtained from all the 

mals. The cocarboxylase in blood was determined according to Westen- 
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TABLE 1 
Cocarboxylase per 
Group I. Normal group 100 ml blood 
M = 13.2 
Group II. Vitamin D and thiamin 
Group III. Thiamin 
M= 9.4 


brink’s manometric method (WESTENBRINK et al.). Crystalline cocarboxylase 
from La Roche was used as the standard. Alkaline-washed yeast was pre- 
pared from dried yeast (obtained from Oranjeboom, Rotterdam). An X-ray 
examination of the skeleton of the rats showed that the animals from groups 
II and III were distinctly rickety, while the animals from group I were com- 
pletely healthy. The results of the analyses are shown in Table 1. 

The rats from group I (the normal group) had the highest amount of co- 
carboxylase in the blood. This group was also the most lively and had the best 
appetite and, therefore, may perhaps have succeeded in getting more thiamin 
than the other groups. The animals from groups II and IIT developed appar- 
ently equally, but still the cocarboxylase content was considerably higher in 
group II than in group III. The vitamin D had here considerably intensified 
the phosphorylation of the thiamin. 

In order to make sure that all the animals got the same amount of thiamin 
and also of vitamin D, a new experiment was performed. Instead of mixing | lie 
vitamins in the food they were injected directly into the animals. Otherw ise 
the experiment was identical with the previous one, and the number of 
animals was the same. Groups I and II were given 50,000 IU of vitamin !), 
(devitol forte, Medical Factory Orion) and 5 mg of thiamin (Neuramin, Medi al 
Factory Orion), while group III were only given 5 mg of thiamin. The resu.ts 


are shown in Table 2. 
The blood of the rats in groups I and IT contained this time almost the sae 
amount of cocarboxylase, while the blood of the animals in group III ¢:n- 
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TABLE 2 


Cocarboxylase per 


Group I. Normal group 100 ml blood 
M = 13.2 


Group II. Vitamin D and thiamin 


M = 13.0 


Group Thiamin 


» 2 10.0 
» 8.5 
8.8 

M 9.3 


tained much less cocarboxylase. The X-ray examination showed that the 
animals in group I were quite healthy, the animals in group II were only 
slightly rickety and the animals in group III were very rickety. The means 
of groups I and III were about the same as in the first experiment while the 
mean of group IT was much higher. The variations in the animals of the dif- 
ferent groups were considerable. 

in deficiency of vitamin D the phosphorylation of thiamin was intensified 
if vitamin D was added at the same time as thiamin. This experiment with 
rats gave the same result as the previous investigations in children. The ex- 
periment does not, however, explain the question: which process is stimulated 
When vitamin D is added? ZETTERSTROM has, however, shown that vitamin D, 
Which has been made water-soluble by esterifying with phosphoric acid, 
strongly accelerates the aerobic oxidation in kidney. In such an oxidation 
the amount of cocarboxylase ought also to increase in order to keep step with 


ie increased formation of pyruvic acid. In the intensified oxidation the 
plosphorus metabolism is also increased. As the thiamin gets its pyrophos- 
phate group from ATP, a higher supply of ATP ought to be found in this 
«oe for the synthesis, hence the possibility of phosphorylation is increased. 
Another explanation is that vitamin D activates the enzyme, the thiamino- 
kicase, which catalyzes the transfer of phosphate from ATP to thiamin in the 
Sie way as vitamin D phosphate accelerates the activity of alkaline phos- 
po atase (ZETTERSTROM and LJUNGGREN). 
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Summary 


The observation that thiamin is phosphorylated faster in children, if 
vitamin D is injected at the same time, is repeated with young white lal)- 
ratory rats under standard conditions. Rickety rats phosphorylated thian:in 
faster if they were given thiamin and vitamin D as injection or by mouth 
than if they were given thiamin only. 
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Universitats-Kinderklinik, Frankfurt/Main. 
(Direktor: Prof. Dr. B. bE RUDDER.) 


Um das Waterhouse-Syndrom 
von B. DE RUDDER 


Syndrombenennungen — nicht selten nach Sprachgebieten wechselnd und 
historisch oft etwas inkorrekt sind in der klinischen Fachsprache unent- 
behrlich. Unerlassliche Voraussetzung fiir ihre Anwendung ist aber Eindeu- 
deutigkeit, d. hh. Hinigung iiber die einer Bezeichnung zugrundczulegende Defi- 
nition. Richtlinie fiir letztere wiederum muss jene Erstbeschreibung sein, an 
welche die Namengebung ankniipft. Andernfalls sind Missverstandnisse un- 


vermeidbar. 

Fir das ,,Syndrom von Waterhouse‘, das seit einigen Jahrzehnten in der 
Literatur genannt wird, scheint eine solche Einigung und definitorische Fest- 
legung heute notig. 

MARCHAND, damals noch Assistent am Breslauer Pathologischen Institut, 
erwaihnt 1880 in einer Anmerkung ,,nebenbei‘S das Zusammentreffen einer 
akuten Purpura (,,Morbus maculosus‘:) mit beiderseitiger Nebennierenblutung 
bei einem Yjdhrigen Kinde (das ausserdem noch einen kirschgrossen Neben- 
nierentumor hatte). Um die Jahrhundertwende (1894—1904) wurden in der 
englischen Literatur von einer grésseren Anzahl von Autoren insgesamt 15 
Fille stiirmischen Krankseins und Sterbens unter dem Bilde solecher Purpura 
mit in tabula festgestellter Nebennierenblutung als auffallendstem Organ- 
befund kasuistisch mitgeteilt. WATERHOUSE wies dann 1911 in Verbindung 
mit einem eigenen Fall nochmals auf diese Falle kurz hin. (Zusammenfassende 
Darstellung dieser Falle auch in den spateren Arbeiten von FRIDERICHSEN 
und von BAMATTER.) 

Diesen simtlich in England beobachteten Fallen waren folgende, nunmehr 
d-finttorisch bedeutsame Ziige gemeinsam: 

Lin bislang véllig gesundes Kind erkrankt schlagartig, nicht selten auf die 
siunde festlegbar, an schwerster Prostration, mit schwerstem Krankheits- 

‘fuhl und Kreislaufschwache; 

‘s treten in rasch zunehmender Anzahl Hautblutungen oft mit zentralen 
vkrosen auf, zuweilen gemeinsam mit flachenhaften lividen Verfarbungen 
rOsserer Hautbezirke (,,intravitale Leichenflecke“); 
nach ,maximal 48 Stunden“ Krankheitsdauer, oft schon friher, erfolgt 
Tod; 
die Obduktion deckt beiderseitige Nebennierenapoplexie auf. 
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Also: akutester Beginn — stiirmischer, tédlicher Verlauf — Hautblutung:n 
— Nebennierenblutung kennzeichnen das von WATERHOUSE zusamme)- 
fassend beschriebene Bild. 

Uber Variabilitit oder weitere Besonderheiten des klinischen Bildes, dic 
— nicht selten regionar und zeitlich wechselnd — vorkommen, ist hier niciit 
zu sprechen. 

Die gesamte weitere Forschung zu diesem Krankheitsbild bewegte sich 
nun um zwei Fragenkomplexe: Atiologie und Pathogenese des ,,Syndroms voi 
Waterhouse‘. 

Von GLANZMANN 1916 bereits vermutet, konnte BAMATTER 1934 in Uber- 
einstimmung mit einigen anglo-amerikanischen Befunden den bakteriellen 
Nachweis von Meningokokken bei 2 Fallen fiihren. Seitdem ist neben diesem 
haufigsten Erregertyp noch eine Reihe weiterer Sepsiserreger mit gleichem 
klinischem Bild nachgewiesen worden, tiber die zusammenfassend besonders 
LANDIS 1942 berichtete. 

seziiglich der Atiologie besteht also heute Einigkeit: das von WATERHOUSE 
beschriebene Syndrom stellt eine akuteste Sepsisform dar, wobei als Erreger 
vorwiegend Meningokokken, gelegentlich aber auch andere Bakterien auf- 
treten. 

Bei der heute durchweg anerkannten engen pathogenetischen Beziehung 
von Meningitis zu Sepsis kann es nicht tiberraschen, dass beim Waterhousc- 
Syndrom eitrige Meningitis bzw. — wenn die Zeit bis zu voller Auspragung 
derselben nicht mehr ausreicht — meningeale Reizung (Zellvermehrung iin 
Liquor) vorkommen kann. 

WEITKAMP, GRASER haben solche Fille mitgeteilt; 4 eigene Beobachtungen aus 
den letzten Jahren bestiatigen ihr Vorkommen, sowie 2 Falle mit 45 bzw. 560 Zellen 
pro mm?® Liquor. 


Die oben gegebene Definition wird durch solche Falle von Sepsis mit 
spezieller Organmanifestation nicht berihrt, da das eingangs umrissene k!i 
nische Bild voll erhalten bleibt. 

Kine neue Wendung erfuhr der behandelte Problemkreis, als FRIDERIC!! 
SEN 1918 unter Mitteilung weiterer Falle von Waterhouse-Syndrom abschli: 
send in pragnanter Formulierung statuierte: ,,der Tod muss von der Nebenni: 
reninsuffizienz herriihren‘‘ und dementsprechend eine Adrenalinbehandlun 


empfahl. 

Damit nimlich kommt etwas grundsatzlich Neues in die Definition dies: 
Ablaufe, so dass man unter Einbeziehen der heutigen atiologischen Erkenn' 
nisse zu formulieren hitte: wenn eine mit Hautembolien verlaufende Sepsi 
acutissima durch eine Nebennierenblutung das Leben bedroht, liegt das — jetz 
so zu nennende — Waterhouse-Friderichsen-Syndrom vor. 
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Die weitere Diskussion ging nunmehr namlich unabhingig von der Atiologie 
um die nosologische Stellung der Nebennierenblutung — ist sie Ursache oder 
hloss Folge der im klinischen Bild sich ausdriickenden Krankheit? 

Ein ursachlicher Zusammenhang zwischen tédlichem Ablauf und Neben- 
nierenblutung wurde von GLANZMANN schon 1933 mit guten klinischen Griin- 
den bestritten: 

1) Die bei Neugeborenen bekannten Nebennierenblutungen verlaufen ohne 
Purpura; 2) auch eine Nebennierenexstirpation bei Tieren fiihrt nie zu Pur- 
pura; 3) es gibt andere tédlich endende Purpuraerkrankungen, welche nie- 
mals eine Nebennierenblutung aufweisen. 

In der Folge wurden dann auch toétlich verlaufende Fille beobachtet, die 
einen nosologischen Zusammenhang zwischen dem foudroyanten Verlauf und 
dem bei der Obduktion festgestellten Nebennierenbefund ausschliessen liessen. 

Es ergab sich nicht nur keine Parallelitat zwischen der Schwere des Krank- 
heitsbildes und der anatomischen Nebennicrenlasion, es wurden auch Faille 
vollig gleichen Verlaufes ohne jeden Nebennierenbefund beobachtet (WEIT- 
KAMP, GRASER u. a.). Eine weitere eigene Beobachtung der letztgenannten 
Art sei wegen der Bedeutung dieser Fille angefiigt: 


G. Waltraud (1954), 11 Jahre alt, aus voller Gesundheit in der Nacht zum 24. 
Januar mit Erbrechen erkrankt, gegen Mittag Auftreten kleiner, an Zahl und Umfang 
rasch zunehmender Hautblutungen, die bei der Aufnahme um 21 Uhr von Stecknadel- 
kopf- bis 5-markstiickgrésse schwanken und fast exanthemartig tiber den ganzen 
Korper verstreut liegen. Auch kleine subconjunctivale Blutungen an beiden Augen. 
senommen, schwerstkrank. Liquor klar, 11 Zellen pro emm. Unter Kreislaufmitteln, 
Cortison und hohen Penicillindosen nur ganz unwesentliche Besserung, unter termi- 
nalem Temperaturanstieg auf 42° erfolgt 37 Stunden nach Krankheitsbeginn der Tod. 
Obduktion (Pathologisches Institut der Univ.) : petechiale Pleurablutungen, Andeu- 
tung von Fettleber, Nebennieren makro- und mikroskopisch vollig 0. B. 


Auch fiir jene Falle, in denen der akut-bedrohliche Zustand (mit oder ohne 
Meningitis) durch eine itriihzeitige energische Behandlung mit Sulfonamiden 
und Antibioticis schlagartige Wendung und innerhalb weniger Tage ohne 
jede Hormonbehandlung vollige Heilung bringt, wird man eine nennenswerte 
\ebennierenschadigung ausschliessen kénnen. 

Die nachfolgende Tabelle mag an — sicherlich zeitlich und 6rtlich vari- 
lem — eigenem Material einen Uberblick iiber die foudroyanten Verlaufs- 
rmen dieses Krankheitsbildes geben. 


In die Tabclle aufgenommen sind ausschliesslich Fille ganz akuten, stiirmischen 
‘ginns aus volliger Gesundheit, die in den ersten 36 Krankheitsstunden schwerst- 
ank zur Aufnahme kamen und ohne jede Hormontherapie heilten oder starben, 
bei in letzterem Falle stets Obduktion mit Untersuchung der Nebennieren im 
ithologischen Institut der Universitat (Professor Dr. Zauche) vorgenommen wurde. 
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TABELLE 


Das Krankheitsbild der foudroyanten Sepsis mit Hautembolien wurde beobachtct: 


ohne mit 


Nebennierenblutung 


ohne Meningitis. . .. . 1+7} 
mit » 2+1? 7 


1 | Todesfall mit Obduktion + 7 geheilte Falle. 
2 2 Todesfille + 1 geheilter Fall. 


Die Haufigkeit des Vorkommens von Nebennierenblutung stellt ein hier nicht zur 


Diskussion stehendes Problem fiir sich dar; Durchblutungsausmass und anatomischer 
Gefissbau der Nebennieren kénnen dafiir sehr massgebend sein. 


Die Falle ohne Nebennierenblutung als Waterhouse-bzw. gar als Water- 
house-Friderichsen-Syndrom zu bezeichnen ist m. E. unzulassig; fehlt ihnen 
ja eben gerade jenes Symptom, welches beiden Autoren als auffallend, dem 
einen sogar als Todesgrund erschienen war. 

Die Situation ist also auf Grund klinischer, bakteriologischer und patho- 
logisch-anatomischer Beobachtung heute folgende: es gibt eine Sepsis acutis- 
sima, hyperergica, fulminans oder wie man das oben eingehender gekenn- 
zeichnete Bild benennen will; sie kann ohne und mit eitriger Meningitis ver- 
laufen und ohne oder mit mehr oder weniger hochgradiger Nebennierenlasion 
einhergehen. Letzteres Vorkommnis kann als Syndrom von Waterhouse \ve- 
zeichnet werden. Da bis heute die Nebennierenlision klinisch nicht festzu- 
stellen ist, bleibt die Syndrombenennung eine aussehliesslich pathologisc)- 
anatomische. 

Ob es ein Syndrom von Waterhouse-Friderichsen wirklich gibt, d. h. einen 
Tod infolge weitgehenden Nebennierenausfalles bei foudroyanter Sepsis, kein 
bis heute nicht entschieden werden. Es ware denkbar, dass ein Nebenniereii- 
ausfall bestimmten Ausmasses eine Erholung (ohne substituierende Hormo:- 
therapie) ausschliesst. 

Da dieser Ausfall bis heute aber intra vitam nicht diagnostizierbar ist, cise 
strenge Indikation fiir das Einsetzen substituierender Hormontherapie a!so 
nicht existiert, ware die Frage der Existenz eines Waterhouse-Friderichs« 
Syndroms nur statistisch zu entscheiden, wenn man sich entschliessen wir’, 
eine alternievende Behandlung aller Falle foudroyanter Sepsis ohne bzw. 1) ‘1 
Nebennierenhormonen durchzufitihren; da beide Behandlungsserien danel: 1) 
eine tibereinstimmende antibiotische Therapie verlangten, wird in praxi ‘ 
fiir statistische Auswertung erforderliche Ubereinstimmung kaum je erfii '- 


bar sein. 
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Zusammenfassung 


Das ,,Waterhouse-Syndrom“ ist ausschliesslich ein pathologisch-anatomi- 
scher Begriff, namlich Bezeichnung fiir eine mit Nebennierenlasion einher- 
gechende foudroyante Sepsis. Da der Krankheitsablauf auch ohne diese Lision 
in gleicher Schwere erfolgen kann, ist durch diese Bezeichnung tiber die noso- 
logische Bedeutung der Lasion nichts ausgesagt. Wer ihr einen entscheidenden 
Kinfluss auf den Krankheitsverlauf zuschreiben will, mag bei nachgewiesener 
Nebennierenblutung weiter von Waterhouse-Friderichsen-Syndrom sprechen; 
er muss sich dann nur dariiber klar bleiben, dass diese Annahme vorerst eine 
rein hypothetische ist, fiir die er den Beweis schuldig bleibt. 


Literatur 


3\MATTER, F.: Fulminante Meningokokkensepsis. Zur Atiologie des Syndroms von Waterhouse- 
Friderichsen. Jahrbuch Kinderheilkunde 142: 129, 1934. 
FRIDERICHSEN, C.: Nebennierenapoplexie bei kleinen Kindern. Jahrbuch Kinderheilkunde 87; 109, 
1918. 
GLANZMANN, E.: Beitriige zur Kenntnis der Purpura im Kindesalter. Jahrbuch Kinderheilkunde 83: 
271, 1916. 
Beitrag zur Klinik, Himatologie und Pathologie des Syndroms von Waterhouse-Friderichsen. 
(Nebennierenapoplexie bei kleinen Kindern.) Jahrbuch fiir Kinderheilkunde 139: 49, 1933. 
GRaser, E. Zur Frage der selbstandigen Stellung des Waterhouse-Friderichsenschen Syndroms. Zeitschr. 
fiir Kinderheilkunde 63; 251, 1942. 

Lanpis, J.:. Das Syndrom von Waterhouse-Friderichsen (Nebennierenapoplexie). Schweizer med. 
Wschr. 1942, 179 u. 258. 

Marcuanp, F.: Uber eine eigenthiimliche Erkrankung des Sympathicus, der Nebennieren und der 
peripherischen Nerven (ohne Bronzehaut). Virch. Arch. 81; 477, 1880. 

Warernouss, R.: A case of suprarenal apoplexy. Lancet J: 577, 1911. 

Weirkamp, H.: Zur Kenntnis der Meningokokkensepsis. Kinderirztl. Prax. 1936, 73 und 117. 


ir 
l- 
Nn 
l 


Aus der Kinderklinik der Universitat Turku. (Chefarzt: Prof. Torvo SAaLmr.) 


Granulocytopenic nach Mononucleosis infectiosa bei einem 


Ajihrigen Jungen 


von TOIVO SALMI und TUOMAS PELTONEN 


Schon aus dem vorigen Jahrhundert liegen verschiedene Arbeiten vor, 
die das Krankheitsbild der infektiésen Mononucleose beschreiben; die Dia- 
gnosebezeichnungen wechseln (Morbus Pfeiffer, Pfeiffersches Driisenfieber, 
Lymphimoides Driisenfieber, Monocytenangina, Lymphoidzellangina), je 
nachdem welche Symptome dem Forscher jeweils am typischsten erschienen 
waren. Nach Tipy (9) lassen sich die Mononucleosis infectiosa-Falle in drei 
Hauptgruppen aufteilen: 


1. Die klassische Pfeiffersche Form, bei der das Krankheitsbild von Drii- 
senschwellungen und hohem Fieber bestimmt wird. Diese Form ist die tib- 
lichste im Kindesalter. 

2. Die anginése Form in Gestalt einer membranésen, bisweilen ulcerésen 
Angina. Die anginése Form tritt hauptsachlich bei jugendlichen Erwachise- 
nen auf. 

3. Die typhoide Form, deren ausgepragtestes klinisches Symptom as 
Fieber ist. Bei dieser Form ist ein masern- oder scharlachartiges Exanthem 
haufig. 

Im Kindesalter kann das Krankheitsbild recht untypisch sein, offenhar 
weil sich die Reaktionen des wachsenden Organismus von denen des ausve- 
wachsenen unterscheiden (HEILMEYER u. BEGEMANN, 6). Ab und zu trefen 
klinische Symptome von Meningoencephalitis auf (BICKEL u. Mitarb., |). 
Auch eine Hepatitis oder selten eine himorrhagische Nephritis kénnen (as 
Krankheitsbild vervollstindigen. Unter unseren eigenen Patienten hat'en 
wir zwei Briider von 5 und 7 Jahren, die gleichzeitig Fieber und dazu lei: \it 
schmerzempfindliche Hautinfiltrate von Groschengrésse bekommen hatt:n, 
wihrend das Blutbild leichte absolute und relative Lymphocytose und 4is- 
gesprochen positive Paul-Bunnel-Reaktion zeigte. Die positive Paul-Buni «1- 
oder Deicher-Hanganatziu-Reaktion (TORNACK, 10) und das typische B!ut- 
bild weisen diese klinisch ganz verschiedenartigen Krankheitsbilder «1 
gleichen Mononucleosis infectiosa zu. Zum typischen Blutbild gehért © e 
Leukocytose mit bis zu 40000 Zellen, von denen mindestens die Halfte mo: 0- 
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nuclear ist. Die Mononucleose besteht aus Lymphocyten, Monocyten und 
aus fiir die Krankheit pathognomischen monocytoiden Zellen: grosse Zellen 
iit unregelmassig rundem Kern und intensiv basophil gefarbtem, oft vakuo- 
lisiertem Protoplasma (VAHLQUIST, 11). Die roten Blutkérperchen und die 
‘hrombocyten sind an der Veranderung des Blutbildes im allgemeinen nicht 
beteiligt. 


Eigener Fall 


Kurze Anamnese. 4jihriger Junge, Eltern gesund. Pat. friiher durchweg gesund. 
Ausser dem Pat. ist noch ein ilterer Junge in der Familie augenblicklich von einer 
nicht bestimmbaren sulfonamid- und penicillin-resistenten Fieberkrankheit befallen. 
Pat. zeigt seit einem Monat erhéhte Temperatur. Lag zwei Tage im Siidwestfinnischen 
Gebietskrankenhaus. Fieber in den letzten Tagen bis zu 40°, trotz intensiver chemo- 
therapeutischer Behandlung (Sulfonamide, Penicillin). Rechte Backe war zeitweise 
geschwollen. Blutbild im SWG: Le 52,200, Neutr. I 3 %, II 3 %, III 3 %, Eos. 3 %, 
Lymph. 17%, dazu 67 % paramyeloblastenihnliche mononucleire Zellen. 2.9. 52 
(berfiihrung in die Universitits-Kinderklinik zur genaueren Diagnose mit Verdacht 
auf Leukiéimie. 

Hinlieferungsstatus 2.9.52 (Auszug). Durch Fieber erschépfter, schwerkranker 
Junge. Kérperbau normal. Haut bleich und trocken. Subcutis diinn, offensichtlich 
reduziert. Am Hals einige kleine Lymphknoten. App. nerv.: 0. App. resp.: 0. App. 
cire.: 0. App. dig.: 0. Gaumenmandeln fingerbeerengross, glatt, ohne Zeichen einer 
Kntziindung. Bauch gerundet, Bauchdecken leicht gespannt. Leber 3 Finger breit 
unter dem Rippenbogen zu fithlen, Milz 2 Finger breit zu fiihlen. Mantoux 10~* und 
10-* negativ. Im Rachen reichlich Staphylococcus aureus. Blutbilder s. Tafel. Welt- 
man 1—6 (—7). SR 27. Alb —, Reduz. Subst. —. Rtg: cor et pulm. 0, lange Knochen: 
0, Paul-Bunnel + 1:4096. 

Krankheitsverlauf. Kind fiebert. Dem Rachen entnommene Staphylokokken sind 
aureomycin-empfindlich. 12 Tage Aureomycinbehandlung. Nach einer Woche afebril. 
Blntbild unverdndert. SR sinkt in drei Wochen zu 3 mm. Paul-Bunnel wird normal, 
s. Tafel. Roborantia und Eisen. 16.10.52. in offenbar verbessertem Zustand nach 
Hause. Leber und Milz normal. Le noch 22000. Himoglobingehalt, der durch Blut- 
transfusion verbessert worden war, wieder gesunken. Thrombocyten normal. 

Zu Hause 16.10.—10.11.52. Immer wieder leichtes Fieber und die ganze Zeit Hals- 
schmerzen. Matt, appetitlos. Auch Schmerzen im Unterleib. 

Hinlieferungsstatus 10.11. 52. Bleiches, durch Fieber geschwiichtes Kind. Gaumen- 
mandeln geschwollen, rot. Leber wieder 2!/, Finger breit unter dem Rippenbogen zu 
fiihlen, Milz 1 Finger breit zu fihlen. SR 25 mm. Neutropenie, Lymphocytose, reich- 
lich Streptokokken im Rachen. Rtg: Im Skelett keine Zeichen, die auf krankhafte 
\erainderung des Blutsystems hinweisen (P.-E. HEIKEL). 

Krankheitsverlauf. Trotz Verabreichung von Penicillin weiterhin Fieber, nach 10 
Tagen mit 300000 E Penicillin/Tag immer noch Streptokokken im Abstrich. Die Pe- 
‘ilindosis wird erhéht auf viermal tiglich 200000 E G-Penicillin. Ausschélung der 
‘achen- und der Gaumenmandeln (Tonsillectomia et Abrasio) durch Doz. OJALA. 
\-Befund: ,,Proben aus den beiden Gaumenmandeln und aus der Rachenmandel 

gen reichlich lymphatisches Gewebe. In diesem Gewebe Follikel mit Sprosszentren 
«outlich zu erkennen, in den Sprosszentren Zellphagocytose sowie Teilungsfiguren. 
ine Eiterzellinfiltrate oder sonstige Merkmale einer spezifischen Entziindung. 
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Hypertrophia tonsillarum palatini et pharyngis (Prof. JArvi).‘* Anfang. 
Besserung des Befindens, dann eitrige Otitis, die mit Punktion und Penicillin beha).- 
delt wurde. Entlassen 18.12. 52. SR 4. Neutropenie besteht weiter. 

Zu Hause 18.12. 52—11.4. 53. Befinden war gut. Bei Kontrolluntersuchung nied- 
riger Haimoglobingehalt und weiterhin Neutropenie, deshalb Einlieferung in die 
Klinik. 

Klinik 11.4.—20.5 53. Bei der Einlieferung Leber zu fiihlen, Milz nicht. Gesami - 
befinden gut. Beeinflussung des Blutbildes durch ACTH und Cortison versucht. Bei 


gutem Befinden entlassen. 
Zu Hause 20.5.—28.5. 53. 3 Tage Fieber. Jetzt Ohrenschmerzen, deshalb Klinik- 


aufnahme. 
Klinik 28.5.—11.6. 53. Behandlung der Otitis mit Punktion und Penicillin. Wiil: 


rend des Klinikaufenthaltes Ausbruch schwerer Roteln mit Fieber bis zu 40° und z. I. 
hiimorrhagischem Ausschlag. SR bei Einlieferung 20 mm, bei der Entlassung 8 mm. 

Zu Hause 11.6.—17.9. 53. Wechselnde Infektionen, zuletzt eine hartnackige Otitis, 
deswegen Einlieferung in die Klinik. 

Klinik 17.9—24.9. 53. Eitrige Otitis in beiden Ohren. Weiterhin Neutropenie. Als 
Rekonvaleszent entlassen. 

Im Winter 1953/54 mehrfache Mittelohrentziindungen. Gesamtbefinden trotzdeim 
sichtlich verbessert. Bei poliklinischer Untersuchung 20.1. 54 kein Befund. Neutro- 


penie etwas gebessert. 
Diskussion 


GLANZMANN (5) hat bei der Mononukleose drei Gruppen unterschieden: 
1) Kleinzelliger Typus, 2) Grosszellige lymphocytoide Typen, 3) Grosszellige 
monocytoide Typen. Unser Fall gehért zum kleinzelligen Typus. Diese Zel- 
len traten nur in den ersten drei Wochen auf, als das Fieber am héchsten und 
das Gesamtbefinden am schlechtesten war. Die Zellen waren von der Grésse 
roter Blutkérperchen, im einzelnen schwankte die Grésse betrachtlich. Das 
Zellplasma was ausgepragt basophil, in vielen Zellen stark vakuolisiert. Ze!l- 
kern unregelmassig, nicht eingebuchtet. Chromosomennetz von grober Struk- 
tur. Bei Nachlassen des Fiebers und der Leukocytose verschwanden die patho- 
logischen Zellformen, und die tiberwiegende Menge der weissen Blutkérper- 
chen bestand aus normalgebauten kleinen Lymphocyten. Bei Besserung (vs 
Befindens wandelte sich die relative Neutropenie auch zu einer absolut«n. 
Nach Normalisierung der Paul-Bunnel-Reaktion sank die Zahl der Neut: 
philen auf 675 je mm®. Leichte Granulocytopenien in der Rekonvalesze::- 
phase sind etwas Gewohnliches, aber auch tiber schwere Granulocytopen 
ist berichtet worden. ELMENHOFF-NIELSEN (4) hat einen Fall von Mo: 
nukleose veréffentlicht, bei dem die anschliessende Agranulocytose in 2 , 
Monaten zum Tode fiihrte. Dies diirfte die erste Arbeit sein, in der der © 
danke einer Fortentwicklung der Mononucleosis infectiosa zu einer Gra! 
locytopenie ausgesprochen worden ist. Spater ist dieser Gedanke im Schri 
tum aufgegriffen worden, z. B. zweimal von CLAVEAUX u. Mitarb. (2, 3) ui‘ 
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Blutbildverdinderungen 


Neutrophile se | 
Datum Seg- | Zusammen | | % Bemerkungen und 
cyten | ker. | ment- Massnahmen 

1952 

27.8. 52200) 7 3 10 5220 | 3 0 0 17 | 3 % Myelocyten und 
67 % mononukleare 
Zellen mit vakuoli- 
siertem basophilem 
Plasma. Hohes Fieber. 
Schlechtes Gesamtbe- 
finden. 
3.9 29 900) 3 10 13 3 880 | 1 0 2 | 84 | Keine pathologischen 
Zellformen. SR 27. 
Paul-Bunnel + 1: 4096. 
ErhéhteTemperaturen. 

15.9 22 500} 0,5 8 8,5} 1900 | 0,5] O 2 89 | Fieberfrei. Paul-Bun- 
nel +1: 1024. Blut- 
transfusion 400 g, 
0 Rh+. 

ee 10 350) 90 5 5 675 | 2 0 6 | 87 | Pat. wird munter. 
SR 18. Koérpergewicht 
steigt. Paul-Bunnel 
+1: 64. 

7.10. | 16250) O 10 10 1 625 | 0 0 4 | 86 | Leichte Abteilungsin- 
fektion. Paul-Bunnel 
+1: 64. 

13.10. | 27150; 0O 11 11 2980 | 2 0 3 84 | Fieber gesunken. 

23.10. | 15 700} 17 17 2670 | 0 4 77 | Infektion iiberwunden. 

init. (16 700; 0 18 18 2830 | 2 ] 4 75 | Streptokokken-infek- 
tion. 

1.11. | 19600) 0 16 16 3140] 1 0 3 80 | Infektion halt an. 
20.11. 115650} O 34 34 5 300 | O 0 6 60 | Tonsillektomie 18.11. 
22.11. 117350} 0 17 1 BC 2940 | 2 0 4 fir 

1.12 18 000} 0 5 5 900 | O 0 2 93 | Als Rekonvaleszent 

entlassen. 
1953 
9.4. 9350] O 13 Ig 1 250 | 0 0 3 84 | Poliklinische Kontrolle. 
Ohne Befund. 

8.3. 8 400) 0 8 8 672 | 0 0 7 85 | Poliklinische Kontrolle. 
Ohne Befund. 

1.4, 10100} O 13 13 1300 | 0 0 4 | 83 | Klinisch o. B. SR 4. 
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(Cont.) 
as 
Leuko-| stab-|  Seg- Zusammen | = = Bemerkungen und 
cyten | ker- | ment- Massnahmen 
nige |kernige| Zellen/| 2 | 3 | | & 
20.4. |13 400) 0 39 39 5 230 | 1 0 6 | 54 | ACTH 4%*5 IE/Tag 
13.—18.4. SR 4. 
24.4. 11 500) 0 44 44 4910 | 0 0 1 | 53 | Cortison 4 x 25 mg/Tag 
21.—25.4. 
27.4. 11 000} 0 21 21 2330 | 0 0 5 | 74 
4.5. 7650) 0 10 10 765 | 1 0 1 | 88 | Bluttransfusion 3.5. 
90 g 0 Rh-. 
13.5 12 750) 0O 28 28 3535 | 1 0 6 | 65 | Cortison 4 x 25 mg/Tag 
8.—12.5. 
29.5, 9 200} 0 37 37 3400 | 0 0 |13 | 50 | Roételn 29.5.—2.6.53. 
2.6. 4350) 0 19 19 820 | 2 0 113 | 66 
5.6. 8 650) 0 21 21 1830 | 3 0 5 | 71 | Rételn tberwunden. 
SR 8. 
22.9. 9 300] 0 13 13 1200 | 0 0 3 | 84 | Klinisch o. B. SR 10 
1954 
20.1. 6000} O 32 32 1920 | 0 0 4 | 64 | Otitis soeben iiberwun 
den. Ohne Befund. 
11.4. 5 800) O 20 20 1 160 0 0 4 76 | Klinisch o. B. 


SLoT u. Mitarb. (8). In der Rekonvaleszenz, in der die Paul-Bunnel-Reaktion 
nach zwei Wochen cinen normalen Wert erhielt, erreichte die Granulocyto- 
penie ihren Héhepunkt (675 je mm). Die gleichzeitig vorgenommene Kno- 


chenmarkuntersuchung (Tibiapunktion) ergab folgende Werte: Myeloblast« 


1%, Promyelocyten 3,5 %; Myelocyten neutrophil 16 %, eosinophil 0,5 ' 
Metamyelocyten neutrophil 7 %, eosinophil 1,0 %; Stabkernige neutrop! 
8,5 %, eosinophil 0,5 %; Polynukledre neutrophil 3 %. Erythroblasten 10,5 
Makroblasten 1%. Monocyten und deren Jugendformen 5 %, Retikuloen: 
thelzellen 13 %, Lymphocyten 29 %. Die Retikuloendothelzellen sind off: 
sichtlich vermehrt und eine scharfe Grenze lasst sich zwischen diesen und ( 
hier als Lymphocyten gezahlten Zellen kaum ziehen. Ebensowenig sind : 
als Monocyten oder Monocytenjugendformen gezahlten Zellen klare Fall 

Bei Durchsicht der Blutbildtafel erkennt man, dass die Neutropenie jed 


Knochenmarkprobe geleistet hat. 


2 Wir danken Herrn Prof. Vauniqutst fiir die Hilfe, die er uns bei Diskussion 


n 


- | 
| 
| 
| 
| 
( 
| 
| al 
Z 
| 
| 
= 
| 
| 
| I 
| d 
| 
| { 
1 
| 
li 
n 


GRANULOCYTOPENIE NACH MONONUCLEOSIS INFECTIOSA 555 


al bei einer Infektion abnimmt. In dem von CLAVEAUX u. Mitarb. (3) be- 
schriebenen Fall besserte sich eine seit 6 Monaten beobachtete Granulocyto- 
penie anlasslich einer fiebrigen Furunkulose. Unser Patient ist dauernd von 
Ifals- und Ohreninfektionen geplagt worden: jedesmal aber, wenn die Infek- 
tion tiberwunden war, kehrte die Granulocytopenie zuriick. 

Die Ausschélung der Gaumenmandeln besserte die Granulocytopenie fiir 
einige Tage auf 5300 je mm, aber drei Wochen spater betrug die Zahl der 
Granulocyten abermals nur 900 je mm’. Dann erhielt Pat. 5 Tage lang ACTH 
in der Dosis 4 x 5 IE/Tag. Die Granulocytenzahl stieg auf 5230 je mm? an, 
aber auch diese Wirkung hielt nur ein paar Tage an. Ebenso zeigte Cortison 
eine rasche Wirkung, die aber sofort bei Einstellung der Behandlung voriiber 
war. Die Bluttransfusionen brachten keine Besserung der Granulocytopenie 
zustande. Die Rételn, die schon unter normalen Umstinden eine Verminde- 
rung der Neutrophilen zur Folge haben, liessen deren Anzahl zuerst um eine 
Kleinigkeit ansteigen (auf 3400 je mm), aber bei Verschwinden des Exan- 
thems sank sie umso heftiger ab (820 je mm‘). Pat. ist jetzt seit 11/, Jahren 
unter Beobachtung, die Granulocytopenie und mit ihr die Anfalligkeit fiir 
Infektionen dauern unverandert an. 

Im allgemeinen sind die roten Blutkérperchen und die Thrombocyten an 
den Veranderungen im Blutbild nicht beteiligt. Trotzdem sind bereits eine 
Anzahl von Fallen veréffentlicht worden, bei denen sich eine Thrombocy- 
topenie an die Mononukleose anschloss. Der letzte Bericht aus den nordi- 
schen Landern ist wohl von LINDEN (7) gegeben worden. In unserm Fall be- 
trugen die Thrombocytenwerte anfangs 100000—140000, zu einer eigentli- 
chen Thrombocytopenie ist es aber nicht gekommen. Ebenso ist die Blutungs- 
und Blutgerinnungsstatus die ganze Zeit normal geblieben. Der Hamoglobin- 
gehalt betrug bei der Einlieferung 8,4 ¢%, die Erythrocytenzahl 3,20 Mill./ 
mm’, Die Retikulocytose hielt sich zwischen 4,0—4,2 %. Bei der Blutiiber- 
tragung (s. Tafel) stieg Hb auf 11,2 g%. Hb sank gleichmassig wieder ab und 
hetrug bei der ersten Entlassung 9,4 ¢%. Nach vier Monaten war Hb auf 
8,5 ¢% abgesunken, gleichzeitig waren aber auch die Retikulocyten auf 
1.4 % gesunken. Spater wurde eine Verbesserung des Himoglobinwertes durch 
\erabreichung von Eisen und durch Blutiibertragungen versucht, aber Hb 
ilieb hartnackig zwischen 9,0—10,0 ¢%. Man kann nicht beurteilen, ob das 
‘\ind schon vor seiner Erkrankung anamisch gewesen war und wie gross der 
\nteil der Mononukleose an seiner Anadmie ist. Sicher haben aber die wieder- 

olten bakteriellen Infektionen andimieférdernd gewirkt. Die war 
vormochromisch oder gelegentlich ganz leicht hypochromisch. 
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Zusammenfassung 


Bericht tiber einen Fall von Mononucleosis infectiosa, als dessen Folye 
eine chronische Granulocytopenie bestehen blieb (Beobachtungszeit 1/' , 
Jahre). Pat. dadurch anfallig gegen verschiedene Infektionen. Blutiibertr::- 
gungen ohne Einfluss auf die Granulocytopenie. Dagegen voriibergehendc 
Besserung durch Tonsillektomie, ACTH und Cortison. Auch die bakteriellen 
Infektionen haben die Granulocyten voriibergehend vermehrt, Rételn haben 
sie im Endergebnis vermindert. Zu Anfang der Krankheit etwas niedrige 
Thrombocytenwerte. Blutungs- und Blutgerinnungsstatus stets normal ge- 
blieben. Standig leichte, normochromische Anamie. 
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From the Children’s Hospital, Colombo, Ceylon. 


Ascariasis in the Tropics 


by C. C. DE SILVA 


Ascaris lumbricoides is a severe threat to the health of children from 1—6 
vears of age, not only of Ceylon but of the whole of South and S.E. Asia and 
China. The parasite may also affect, less commonly, the health of adults, 
particularly women, in the child-bearing age period. The ascaris may occur 
in the temperate zones and cases have been reported from the Arctic to the 
Equator. This parasite is less restricted by climatic conditions than almost 
any other parasite in man. 

Due to its universality, neither parents, the community nor even some 
doctors in many of the countries of the South-Asian region pay sufficient at- 
tention to its common serious effects on the health and development of 
children or to its less common lethal ones. Many illnesses, of whatever nature, 
in children between the ages of 1—6 years are so often aggravated and the 
patients live jeopardized by the additional burden of a heavy infestation with 
the asearis. Moreover, massive infection, as early in life as the second year, 
has a permanently detrimental effect on the physical and mental develop- 
ment of the host (YOKOGAWA and WAKESHIMA, 1932; IkuGI, 1926; JELLIFFE, 
1953 (18)). 

In an analysis of 681 infants and children in hospital whose ages ranged 
from 5 months to 4 years and whose stools contained ascaris ova or who 
passed live worms, only 35 (5.1 %) were of average or above average weight. 
The vast majority (95 %) were either grossly or moderately underweight, 
according to standards seen in Ceylon. 


Incidence of Ascariasis 

Table 1 gives the incidence of Ascaris lumbricoides in the University 
(medical) unit of the Children’s Hospital, Colombo, from 1950—1953. (These 
ficures were taken from the examination of direct smears of faeces, but no 
concentration methods have been used, and they are therefore in our opinion 

lerestimates.) The ages of these children were from 0—10 years. 

There has been throughout these years a gradual increase in the total 
' \mber of patients examined—from 675 in 1950 to 2101 in 1953. 

\s may be seen from Table 2 the incidence of ascariasis fell most heavily 
© the age groups 1—6 years. Further, 46.7 % of the patients with ascariasis 
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TABLE 1 


The incidence of worm infestation in the Children’s Hospital, Colombo. 


1950—1953 Cases 
Total cases examined 5140 is 
\ 
Ascaris lumbricoides . 1911 37.1 - 
(singly or in asso- f 
ciation with other 
parasites) 
Trichuris trichiura ‘ 1038 20.1 Ol 
Necator americanus 56 614 11:9 he 
Giardia lamblia - 93 1.8 sh 
Entamoeba histolytica ,, 93 1.8 
W 
or 
) TABLE 2 
. . . . . . . . ot 
The incidence of ascariasis infestation in various age groups. 
nae Number of | Percentage th 
ae cases of total on 
all 
>6 mths.—l yr. 45 2.2 me 
1 yr.—2 yrs. 271 13.8 f 
0 
5 yrs.—6 yrs 226 11.9 
6 yrs.—7 yrs 144 7.6 
7 yrs.—8 yrs 115 6.0 i 
8 yrs 8.0 thi 
Total 1911 Cur 
ill- 
during 1952—1953 had had other intestinal parasites such as those listed in 
Table 1. The greatest incidence was between 2—4 years (i.e. the pre-schov! 
period). 
The reasons for this heavier infection in the pre-school period are we'! 
known and are as follows: 
1. Most of our poorer children under the age of 4 years are not toilet-traine | ; 
and defaecate promiscuously all over the floor and garden. ( 
2. These children contaminate their hands and mouth more frequently | / 
jicking up things from the heavily contaminated floor and eating thei i 
5 


a) 
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3. Mothers wash these infants after defaecation but do not use soap to wash 
their hands afterwards. This is, in our opinion, the commonest source of re- 
or retroinfection. 


The other sources of infection equally common at all ages, are flies and 
water. The last was denied as an important factor by Cort (1931) in his in- 
vestigations in Panama, but CHANDLER (1928) showed that this was quite a 
common source in India where, as in Ceylon, water was drawn for all purposes 
from shallow, unprotected wells. 

Infestation with the ascaris was as common in towns as in villages. Most of 
our cases came from urban or semi-urban homes. A survey of 181 children 
between the ages of 6—14 years in. a village school by GUNASEKERA (1954) 
showed that 68 % of them were infected by intestinal parasites (in comparison 
with 69.1 % in this series). 50 % of the village children had ascaris ova singly 
or in combinaticn with Necator americanus or Trichuris trichiura. 

Similar figures have been obtained by surveys made by health officers in 
other rural and urban areas of Ceylon. 

In our opinion, the incidence of ascaris can only be significantly lowered by 
the discovery and use of a cheap ovicidal preparation which may be sprayed 
on the soil and on the floors by the public health authorities. Until such time, 
all we can do is to lessen the load of worms in individual cases and instruct 
the mothers how to do this by better hygiene and care in the homes. These 
measures, as may be guessed, will not have much effect on the incidence rates 
of ascariasis. 


Clinical Syndromes of Ascariasis 


These are very varied and though some authorities are sceptical about 
specific signs and symptoms being caused by the ascaris, there is no doubt 
that this parasite does produce many disorders of function as well as of struc- 
ture. Some of the syndromes are clear-cut and specific, others are vague and 
ill-defined. For purposes of description we classify the syndromes under the 
following heads: 

Medical —Vomiting 
: Diarrhoea 
1. Gastro-intestinal 
/Acute 1. ‘estinal obstruction 
Surgical—Peritonitis 


? Intussusception 
Respiratory 
. Nervous 
D. Pyrexial with enlargement of the liver 
i}, Atypical and unusual cases due to migration of larvae or adult worms 
F. Allergic 
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A, Gastro-Intestinal 

The commonest clinical picture of this syndrome was a child in the ag 
period 1—4 years, with loss of appetite of a few days’ or weeks’ duration fv: 
solid foods but with an excessive thirst which was satisfied frequently wit! 
long drinks of cold water. He also suffered from pica and had slight abdomini' 
pain or discomfort, sometimes amounting to colic. The pain was usuall\ 
generalised over the abdomen but if asked where the pain was felt worst, the 
older child would place his palm over the central part of the abdomen or poini 
his finger to the umbilicus. There was no radiation of the pain to any pai 
ticular region nor any relationship to food. There might be slight or no vom- 
iting in this particular type of case. There was some looseness of the bowels 
which were semi-solid or watery in consistency, dark brown in colour, and 
very offensive. Their number varied from 2—10 per day. Often the diar- 
rhoea was more nocturnal than diurnal and the mother always said that the 
child had been sleeping on his face, grinding his teeth at night and biting his 
nails for a few weeks. These, of course, were not signs of ascariasis per se but 
of intestinal irritation. In Ceylon, where the majority of the children, especiall\ 
of the hospital classes, harboured round worms, the mother always incrimi- 
nated the latter as the cause of the trouble. 

On examination, the child was undersized showing a marked deficiency in 
height and weight. This was usually present only in the poorer children. The 
child had a very large abdomen and lordosis of the spine. Oedema of the fect 
and ascites were commonly present. The skin and hair were dry, the eyes 
commonly showed associated Vitamin A and Riboflavin deficiencies, the 
tongue was dry and coated with a dirty fur, the breath was offensive. It had 
a peculiarly characteristic odour which the mother recognised at once as « 
‘‘wormy” breath. Where the child sprang from a better class home and hail 
been adequately fed and cared for, many of these signs and symptoms mig!it 
be absent and the child would complain only of attacks of abdominal pain 
with anorexia, looseness of the bowels and occasional vomiting. Under- 
nutrition in the poorer classes was due firstly to the severe infestations bein 


almost exclusively present in them. 


An antitryptic enzyme was secreted by the ascaris (HAMILL, 1906) in ord 
to protect itself against being digested by the trypsin of the host’s intestin:! | 
secretions. Where there was a severe infestation with round worms this an‘ 
tryptic enzyme probably interfered with the digestion and absorption of t 
proteins in the food taken by the child. Many of our cases of Kwashiork: 
for instance, were complicated by round-worm infection and it was an ¢ 
tremely difficult task to unravel the relative importance in its causation 0! 
deficient protein intake in the diet or defective digestion due to lack of p: 
creatie ferments (THOMPSON and TROWELL, 1952) on the one hand and 1 
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luck of absorption of protein due to the spoliative or antitryptic action of the 
round worm on the other. ACHAR (1950), however, thought that in Madras 
tle part played by intestinal infestation with round worms in the production 
or maintenance of this condition seemed to be a minor one as marked im- 
provement occurred long before specific treatment was directed towards the 
infestation. On the other hand, VENKATACHALAM and PATWARDHAN (1953) 
by an investigation of the faecal nitrogen in 9 children before and after de- 
worming came to the conclusion that the presence of the Ascaris lumbricoides 
in the small intestine interfered with the digestion and adsorption of dietary 
protein. As has been already mentioned this interference might be due to the 
antitryptic enzymes of the round worm. — Secondly, the gross underweight 
and underdevelopment were due to the actual dietary intake of these poorer 
children being much less in proteins, calories and other essential factors than 
in the better classes. — Thirdly, the round worms ingested the food that was 
present in the host’s intestine. We have seen barium sulphate administered to 
patients visualised radiologically as linear string-like shadows. These have 
also been described by ARCHER and PATTERSON (1930). JELLIFFE (1953) 
has recently discussed very fully the metabolism of the ascaris and the ways 
in which it might interfere with the nutrition of the host. 

The next syndrome in the gastro-intestinal group was vomiting with or 
without round worms. In our experience it was as common to see the latter as 
the former in this condition—239 cases of vomiting with worms, against 227 
without, in 1130 patients admitted for ascariasis. The vomiting was an acute 
episode in a chronic illness. The severity of the vomiting, which was usually 
associated with nausea, varied greatly from slight to very severe. This vom- 
iting would continue for days if adequate treatment was not given and by the 
time the patient was brought to hospital, he would be dehydrated. The vomit 
might contain live round worms which wriggled out through the mouth or 
nose. The vomiting was often, though not always, accompanied by diarrhoea 
as described in the first group. The child looked toxic, the breath was of- 
fensive. There might be tenderness in the epigastrium but usually pain was 
conspicuous by its absence. The temperature was normal on the first and 
second day but later on there was moderate or low fever. It was in this group 
of cases as well as in the next that a ‘“‘wormy abdomen” was so easily felt. If 
the palm was placed flat on the abdomen and moved gently about without 
vuily pressure being exerted, the worms were felt as long irregular bands. This 
‘zn was usually present in the very thin, undernourished child with no sub- 
‘iitaneous fat. Seldom have we felt it in well-fed, well-nourished patients. 

was also in such cases that a ladder pattern was so often seen without any 
» ens of acute intestinal obstruction. Cases of surgical ascariasis, which will be 
Cescribed later, also commenced with vomiting. 
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There was also a large group of cases (50 % of 1130 cases) where diarrho: 


was the predominant sign and the stools numbered from 3—10. They wei: 


very offensive, dark brown, semi-solid or watery and contained mucus and. 


uncommonly, blood and even pus. Slight vomiting might sometimes |. 


present. There was usually a rise of temperature. Abdominal pain and tende: 


ness were present round the umbilicus, sometimes with distension. If the 


stools of these patients did not contain blood, they recovered rapidly o: 
treatment with vermifuges. If blood was present, then complications such a: 
amoebiasis, trichuriasis, salmonellosis and shigellosis were first excluded. 


iven when all these causes had been eliminated, there were a few cases where 
no other antecedent but ascariasis could be discovered. These cases were 


usually chronic and were due to ulceration of the intestine produced b) 
secondary infection. 

There were many cases which exhibited two or three types of the syndromes 
described above at one and the same time so that there was much overlapping 
between them. 

Surgical ascariasis is the last of the gastro-intestinal group of syndromes. 
The illness usually commenced with vomiting or the child had been treated 
with vermifuges while he was in this state. In the cases with acute intestinal 
obstruction the patient complained of severe abdominal pain which oceurred 
in spasms and was localised to one area. The child was vomiting often, but 
not always with round worms, and had absolute constipation. There was 
marked distension of the abdomen especially in the central part and a ladder 
pattern was clearly seen. There was also a sausage-shaped mass lying trans- 
versely across the lower abdomen more often to the right than to the left. On 
palpation, the round worms were felt in the mass. 

At operation masses of these round worms were felt obstructing the sma!! 
intestine. Professor PAUL (personal communication) does not now incise the 
ecut at all in these cases but ‘‘milks the round worms on” beyond the Ileocaeci! 
valve. As the intestine was not incised, his results with this technique were 
superior to those where the gut had been opened. With incision and remov:! 
he has lost all three cases operated on; with ‘milking on” only one out of » 
cases was fatal. He informs me that he has never found it impossible to mi! 
the worms on and he does not believe that they tie themselves up into knot 
— According to PAUL (personal communication) acute intestinal intussu 


ception is very rarely caused by round worms in Ceylon. 

Ascaris peritonitis due to penetration of round worms through the intestin 
wall was seen more often than intestinal obstruction. These children al 
commenced their acute illness with vomiting or treatment with vermifug: 
There was a history of abdominal pain and fever at the commencement of t! 
illness. The dominant sign in these cases was abdominal distension which w 
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aarked and extreme in most cases. In a few patients where the distension 
ad been slight to moderate the diagnosis was often in doubt. At this stage 
‘ere was marked tenderness, usually generalised, but there was no abdominal 
pain and only slightly increased abdominal resistance which was confined to 
(he right side. (PAUL informed us that the round worms were always found at 
operation on the right side of the peritoneal cavity both in the right iliac 
fossa and along the para-colic gutter.) Very seldom did we feel the classical 
loard-like rigidity of the abdomen, vomiting was slight to moderate and did 
not often contain round worms. There were one or two normal or loose stools 
even at a late stage of the illness. The temperature was moderately or very 
high (38.4°—40° C). The pulse was rapid, feeble and irregular. The child ex- 
hibited the Hippocratic facies and was very restless. The clinical picture was 
thus confusing. At operation living and dead round worms, 1—10 in number 
usually, were found and also invariably pus in the peritoneal cavity. 

In two recent cases at autopsy we have seen perforations at the base of the 
appendix with round worms emerging through the holes and the edges of the 
tears inflamed and covered with pus. In one of the cases there was an ad- 
ditional tear at the lower end of the ileum with a round worm in it. There 
were 28 more round worms all over the peritoneal cavity (Fig. 1), some glued 
down to the serous coat of the intestine by recent fibrinous adhesions. There 
was also free fluid in the abdomen with greenish yellow pus round the as- 
cending colon and caecum. Coils of small intestine were also stuck to one 
another by fresh adhesions. The appendix itself looked normal to the naked 
eye, but the microscopical report from the Department of Pathology, Uni- 
versity of Ceylon was as follows:— 


“The appearances are those of appendicitis. The ova in the serous coat are con- 
centrated in one area. There is no admixture with faeculent material. An unstained slide 
does not show any bile staining of the outer coat. These points, I believe, are more in 
favour of the ova being laid outside. The slide gives no indication as to the cause of 


the perforation.’”! 


This was the very point that we wanted decided. Was the appendicitis the 
effect of the perforation due to the ascarides or the cause of it? How did the 
round worms reach the peritoneal cavity in these cases if appendicitis was 
110t the precedent cause? There are many theories:— By means of its dentic- 

lated lips and strong muscular pharynx, the ascaris was capable of sucking 
1 parts of the intestinal wall and thereby causing damage to it. Repetition 
of this performance several times would enable the worm to perforate the 

1 These slides were sent to London and confirmed as ascaris ova by Prof. R. T. 

EIFER, Prof. T. T. C. Bukitey and Dr. P. L. LE Roux. We acknowledge our thanks to 


authorities. 
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Fig. 1. 3 round worms emerging from a perforation at the base of the appendix and on 
higher up from the lower end of the ileum. Photograph taken at autopsy of a child who had 
been operated on a few hours previously where thin pus was found and 9 round worms wer 
removed from the peritoneal cavity. At autopsy 28 more round worms were seen in the px 
ritoneal cavity and 54 in the intestines. Pus was seen in the paracolic gutter. 


intestinal wall. Many observers have noted the appearance of pricks sur 
rounded by red circles in the intestinal mucosa. These injuries might produce 
abscesses by secondary infection (BLANCHARD, quoted by GiIRGEs, 1934). The 
worms would escape through these weakened areas. Round worms have also 
escaped through a Meckel’s diverticulitis (PAUL and GOONEWARDENE, 1953; 
JELLIFFE, 1953 (17); VILIGAR, quoted by GIRGES). ALFEEVA (quoted by) 
GiIRGES) believed that the ascaris could move actively through the livin: 
tissues of the gut wall making long sinuses in its passages. KANAGARAYE!: 
(quoted by GirGES and others) found perforations through amoebic and ty 

phoid ulcers. (Since the above paragraph was written a case has been seen « 

operation with a perforation in the jejunum and a live round worm in th 


peritoneal cavity.) 


Case of Subacute Ascaris Peritonitis. 


Case 1. A Sinhalese male child aged 3'/, years was admitted for abdominal resistan 
and tenderness with no pain. He had had an intermittent fever for 3 weeks with th: 
passage of over 60 round worms by mouth and rectum after a course of Santonin ha: 
been given by a practitioner. The child had a history of profuse sweating with feve: 
Two weeks before admission he had severe abdominal pain, diffuse in distribution 
but felt mainly round the umbilicus. He could not extend his lower limbs fully owin: 
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Vig. 2. Two ascaris ova, the larger lying within a giant cell and surrounded by fibroblasts 
and lymphocytes, and the smaller appears to be surrounded by macrophages / x 205). 


to the pain. Several high saline enemata had been administered before admission with 
the passage of 45 more round worms. He had been given a second course of Santonin 
one week after the first by another doctor. After this treatment the patient’s condi- 
tion had improved and he was able to stand and walk alone. His temperature rose 
after three days and though he had no pain, there was diffuse tenderness all over the 
abdomen and he vomited once, two days after the onset of the fever. 

On admission. The child was very restless and irritable. The tongue was coated. The 
temperature was 101° F (38.6°C) and the pulse rate 130; its volume and tension were 
fair. The abdomen was distended and resistant all over and markedly tender. The 
child had passed three watery, brown stools, not offensive in odour and containing no 
hlood or mucus. Professor Pau decided to operate at our suggestion. On opening 
the abdomen we found free, serous fluid in the abdomen and coils of red, inflamed and 
distended small intestine were seen. There were fibrinous adhesions between adjacent 
coils of intestine. On the serous coat of the ileum and the omentum there were several 
small tuberele-like nodules. It was decided that this was a case of tuberculous peri- 
tonitis as the appearance of the nodules was identical with that disease. A piece of 
mentum was removed for section and Dr. G. H. Cooray, Professor of Pathology, 
niversity of Ceylon, reported as follows: 


“Only very little adipose tissue is to be made out in sections which consist mainly 
©. cellular granulomatous tissue composed of large numbers of eosinophil leucocytes, 
|. mphoecytes and macrophages. Amidst this cellular tissue are small circumscribed 
inulomata. A few of these show necrotic centres and resemble tubercles but for the 
sence in some of helminth ova which appear to be the ova of ascaris worms. The 
i are crinkled measuring about 30 p in diameter and contain eosinophilic, granular 
a d hyaline material within their shells. No larvae are seen and no albuminous coating 
ii made out. There is much cellular reaction around these eggs and in certain places 


‘ova are seen inside vacuoles of giant cells.” 
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Fig. 3. An ascaris ovum lying within a vacuole surrounded by a ring of nuclei of a giant cel! 
This cell is surrounded by fibroblasts ( x 400). 


There were also a few segmented ova (3—4 cell stage). The child made an uninter- 
rupted and complete recovery after the operation. He was treated with streptomycin. 
para-amino-salicylic acid and iso-nicotinie acid hydrazide before the pathological report 
was received. The temperature fell to normal in 4 days’ time. Only the second out of 
eight post-operative stool reports was positive for asearis and trichuris. 


AFRICA and GARCIA (1936) have reported a similar case from the Philippine 
Islands. But in their case there was a perforation of the small intestine, peri- 
tonitis and dead adult round worms in the peritoneal cavity. The route b) 
which these eggs reached their destination is also a matter of speculation «tf 
present. These theories have been discussed by Cooray (1951) with regard 
to the finding of ascaris ova in the wall of a human, congenital, inguin:| 
hernia sac. He thought an intestinal perforation by an adult female ascaris 
was unlikely. He suggested that the perforation was caused by the ova or the 
migration of larvae from a heavy infestation either through a right to le't 
shunt in the heart or a spilling over of larvae from the lung into the pulmona: 
veins and thence into the systemic circulation and their further developme: 
into adults with deposition of ova at aberrant sites. 

In this particular case we did not find any adult round worms in the pe::- 
toneal cavity but we did not search diligently for any as our tentative diagno 
at the operation was tuberculous peritonitis. The fluid in the periton: 
cavity was serous and clear but unfortunately we did not save any for e 
amination. We are inclined to agree with AFRICA and GARCIA’s hypothe: 
that possibly one round worm escaped through the intestinal wall and t! 
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perforation healed. The worm laid its eggs in the peritoneal cavity and on the 
surface of the intestines and disintegrated. The ova were engulfed by the 
reactive tissue cells. 


Ii. Respiratory 

The signs and symptoms in the respiratory tract are due to the migration 
of the larvae. A small proportion of our cases of acute bronchitis and broncho- 
pneumonia was possibly due to pulmonary ascariasis. Clinically it was im- 
possible to distinguish these cases from those due to a bacterial or viral cause 
unless the patient was passing or vomiting round worms and, even so, the 
latter might be only an associated sign. A few patients have had leaking 
haemoptyses. We have not been able to demonstrate the presence of any 
ascaris larvae in these cases (LEITCH, 1929). The radiograms have been either 
completely negative or have shown hilar flares or glandular enlargements 
(Figs. 4 and 5), increased bronchovascular markings and a ground-glass ap- 
pearance of the film with negative Mantoux reactions and absent or very 
slight eosinophilia. Radiological evidence of pulmonary ascariasis, hilar 
widening with increased broncho-vascular markings have also been reported 
by KELLER et al. (1932). A few of the cases were tested with histoplasmin 
with completely negative results. 

At autopsy we have seen a few cases where the surfaces of the lung have 
shown multiple areas of haemorrhage, 1/,'’-—1"’ in diameter, but the micro- 
scopic section only showed haemorrhages into the alveoli and bronchi with 
an associated bronchopneumonia. No ascaris larvae have been seen in these 
cases. These patients had severe infestations with round worms. 

KOINo’s famous experiment on himself (1922) is well known. After ingesting 
2000 ascaris ova by mouth he produced in himself fever, chills, cough and 
tachyphoea. There was dullness over various parts of the chest and crackling 
and sibilant rales were heard. Complete recovery occurred and 667 round 
worms found in the stools after treatment. 

Pulmonary ascariasis did occur, but its incidence was not as high as one 
would expect considering the very common occurrence of round worms in 
children. 


Nervous 
There is much controversy whether the ascaris without the aid of any 
«i her cause does produce convulsions. We believe that it does so uncommonly 
id the picture presented by the clinical appearance and course is so charac- 
t-ristie that most internes after a few weeks in the wards diagnose these cases 
iich are due to toxaemia of round worms from those that are not. A child 
ed 2—5 years of age was admitted with a history of previous diarrhoea or 
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Fig. 4. Marked hilar enlargement in a child with severe infestation of ascaris and a negative 
Mantoux reaction. 


vomiting and the passage of round worms daily for a few days or weeks. He 
has usually had fever for a few days or weeks and repeated attacks of con- 
vulsions of a few hours’ duration before admission. These convulsions were 
often repeated after admission. On examination the child was comatose, or 
stuporose or, on the other hand, restless and irritable. There was a very hig! 
temperature (104°—105° F [40°—40.6° C]), a very rapid pulse, often irregular, 
of fair volume and tension. If the convulsions were occurring at the time of 
examination, it was noted that they were accompanied by marked champing 
movements of the lips and sometimes by grimacing of the face. Sometimes 
the children were extremely violent; they shouted and screamed as if in ter- 
ror, bit their own arms or threw them about. Their abdomens were distended. 
If the distension was not too marked, round worms were palpated in the al)- 


domen. There were often signs of congestion in the lungs. The stools showé 
a very heavy infestation with ascaris ova, often associated with the trichuri-. 
On treatment, the child rapidly recovered or died. 

In 1952/53 of 1130 cases labelled as suffering from ascariasis, 1.8 °% patien 
had convulsions. If patients with associated diseases but in whom ova 
adult round worms had been found were also included, 5.4 % of patien 
showed these phenomena. These figures showed that in a small minority «! 
cases the convulsions could be attributed to the ascaris, but in the majorit 
where round worms or ova had been found and convulsions had occurre: 


these disturbances were probably not due to the ascaris. 
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Fig. 5. Left hilar enlargement and opacity in left upper lobe—medial segment. Mantoux neg. 
Ascaris ova. 25,600 per gram of faeces. 


KELLER et al. (1931) have shown that there was a significant increase of 
convulsions in ascariasis as against control groups both in negroes and in 
white children, but in spite of these findings their conclusion was that it was 
not possible to prove that there was any relationship between these symp- 
toms and the presence of round worms. 


D. Pyrexial with Enlargement of the Liver 


Case 2. A female child of middle class parents was seen at her home with a history 

of high fever, vomiting of worms, drowsiness, abdominal pain and tenderness and 
diarrhoea with the daily passage of 3—4 loose stools. The illness had continued for 
one week. On examination the patient was in a semi-conscious state, the tongue was 
furred and the breath offensive; the abdomen was slightly distended and round worms 
vere palpated in the abdomen. The liver was soft, tender and palpable to 3 fingers’ 
breadth below the costal margin. The child weighed only 28 lbs., though she was over 
| vears of age. Considering that she sprang from middle class parents and was housed 
ind fed well, this underweight was striking. There was also a cough with coarse rhonchi 
ud rales in the chest. In spite of the usual treatment for round worms with Hetrazan 
ud Santonin, antibiotics like penicillin and streptomycin and the newer wide-spectrum 
nes, and many sulfonamide drugs, the temperature which was irregular and swinging 
om 98°—105° F (36.7°—40.6° C) persisted for over 90 days and the child passed over 
20 round worms in that period. She was given a full diet including additional protein 
vdrolysates. The liver shrank to normal size while she was under treatment. Even- 
ially the patient recovered and was seen two years later with vomiting of round 
orms again but this time her illness lasted only a few days and the liver was not 
ilpable. She had grown in the interval but was still too small for her age. 
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We have seen a few more cases with this syndrome. The salient features 
were the high remittent fever, the vomiting, the painful, tender, moderate], 
distended abdomen, the enlarged and tender liver and the semicomatose 01 
highly irritable child. In none of these cases was the eosinophilia very high. 
The fever persisted in all the cases for 4—12 weeks. Similar cases have been 
reported from the United States by MERCER et al., 1950; BEHRER, 1951: 
ZUELZER and APT, 1949. These cases were characterised by high eosinophilia, 
eosinophilic granulomatous lesions of the liver associated with fever, leuco- 
cytosis, hyperglobulinaemia and pulmonary changes. In some of the cases 
(MERCER et al.; BEHRER), larvae have been found in the liver on biopsy. 

These symptoms and signs were attributed by the American writers men- 
tioned above to an allergic reaction. The liver according to MERCER et al. 
‘‘manifests a hyperergic tissue response to the presence of the antigen-pro- 
ducing larvae within it’’. 


E. Atypical and Unusual Cases 


These are caused by the migration of adult worms and larvae to unusual 
sites. The reasons for this are firstly very heavy infestations and secondly 
the injudicious use of vermifuges at the wrong time. A male child started to 
vomit round worms in the terminal stage of pulmonary tuberculosis and at 
autopsy 5—6 adult worms were seen in the parenchyma of the liver, each sur- 
rounded by an abscess (Figs. 6 and 7). SIVASAMBANDAM (1928, quoted by 
GIRGES 1934) has reported a similar case with 6 liver abscesses. 

Another case seen by us was a male child aged 3 years who was brought in 
with severe haematemesis and jaundice. There were no round worms in the 
vomit. At autopsy there were 3 large holes at the lower end of the oesophagus 
with 22 round worms in the thoracic cavity. SIVASAMBANDAM has again 
reported a similar case with 2 large round worms in the pleural sac at the post 
mortem. They may also enter the pancreatic duct and cause acute haemor- 
rhagic pancreatitis. 

In cases of sudden death with vomiting of round worms, they are often see! 
obstructing the larynx and cases have been reported where adult worms hav 
appeared at the external auditory meatus. LIN and WonG (1941) have re 
ported the spontaneous passage of numerous ascarides from the male urethra. 
They have also been found in the heart in the unique case reported by BoE! 
TIGER and WERNE (1929) and in the Fallopian tube (MuRRAY, 1926). 

Ascaris larvae have also been reported in the lymph nodes, thyroid an 
thymus glands, spleen, kidney, bladder, brain and spinal cord, mastoi: 
antrum and eye (CRAIG and FAusT, 1945; BEAUTYMAN and WOOLF, 1951 
GONSALEZ, 1953). In both the cases where the ascaris larvae were found i! 
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Fig. 6. Round worms with abscess formation, one at the right lower lobe and the other at 
the left lower angle of the liver. There were several other adult round worms with abscess 
formation all over the liver. The gall bladder also contained round worms. 


‘ig. 7. Round worm in the substance of the liver. Same case as Fig. 6, showing the round 
worm surrounded by a zone of reactive tissue. ( x 9). 
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the brain, anterior poliomyelitis was an associated disease and GONSALE/ 
believed that owing to the intestinal paralysis the larvae got through mor 
easily into the blood stream and were carried through into the brain. 


Allergic 

LEITCH (1929) has described allergic manifestations on handling ascarides— 
rhinorrhoea, lachrymation, swelling and redness of the skin, urticaria and 
eczema. We have occasionally seen cases of urticaria which responded to 
treatment for ascaris, but Santonin also might sometimes be responsible fo: 
the same condition. 

Kosinophilia is considered by many writers to be an allergic phenomenon. 
This was not present in the majority of our cases (only 113/373 cases showed 
a count of over 600 eosinophils per emm). Ascariasis very rarely caused asthma 
and when it did it was usually very severe and was sometimes accompanied 


by small haemoptyses. 
Treatment 


There are many old and new drugs in use. Though Santonin has gone out 
of favour, owing possibly to expressions of opinion by MANSON-BAHR (1950), 
STRONG (1945) and others that it is ineffective in tolerated doses and toxic in 
effective ones, we have found it valuable in many of our cases. The alternative 
drugs available, 1-3 hydroxy-4-hexylbenzol (hexyl-resorcinol), and diethyl- 
carbamyl 4-methyl piperazine (hetrazan or banocide) are both very expensive 
and cannot therefore be used as routine drugs in hospital. We consider that 
Oleum Chenopodium with or without tetrachlorethylene is too toxic a drug 
for our children. If Santonin is given in small divided doses over 3 successiv: 
nights followed by a saline draught on each of the following mornings to 
patients, who are well nourished and not suffering from severe infestations, 
who are not subject to convulsions or epilepsy nor suffering from nephritis. 
high fever, vomiting and toxaemia, then the risk of poisoning by the drug is 
minimal and the vermifugal effect satisfactory. Santonin may be repeated, 
if necessary, after an interval of 10 days. Hetrazan or Banocide is an advance 
in many ways. It needs no preparation, no dietetic restrictions, no purgation 
It is slightly toxic in high dosage. The child may become drowsy and com 
plain of abdominal pain or colic and refuse his food. The only contraindica 
tions to its use are in cases of toxaemia with a high temperature and sever 
vomiting or where masses of round worms are felt per abdomen particular]: 
in a poorly nourished feeble child. In this type of case no vermifugal drug 
should be given till the child’s general condition is improved. Liquid paraffi 
by mouth and high saline enemata often help in the expulsion of roun 


worms in these massive infestations. 
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The dose of Hetrazan or Banocide is 3—6 mg/lb (6.5—13 mg/kg) three 
imes a day for 5—7 days. The course may be repeated, if necessary, after 
1 week’s rest. The disadvantages of the drug are its high cost, the long dura- 
(ion of treatment and its limitation of effectiveness against only the ascaris. 

Hexyl-resorcinol is the drug of choice in mixed infections of the round 
worm with the whip or hookworm. It is effective against all 3 parasites. 
Recently, cashew nut (Anacardium occidentale) shell oil has been advocated 
for ascariasis by LEAO and EICHBAUM (1947) and BHADURI and SANYAL (1952). 

In case of vomiting or toxaemia with and without convulsions the patient 
must first be relieved of these serious disorders before any vermifuges are 
administered. Intravenous injections of 50 % dextrose (25—50 ml) followed by 


saline +5 % glucose, sedative and antiemetic drugs like tincture of iodine, 


calomel and sodium bicarbonate are first given. We do not advocate the use 
of Oleum Chenopodium, and tetrachlorethylene should not be used in cases of 
ankylostomiasis where the ascaris is also present. Many of our children need 
as many as 6—10 courses of vermifugal drugs at intervals of 1—2 weeks to 
make them ova free, but as soon as the child returns home he is reinfected. 


Summary 


Ascaris is one of the most prevalent and dangerous diseases of children of 
all underdeveloped countries. This is due to poverty, ignorance, low standards 
of sanitation and hygiene, especially the pollution of the soil by younger 
children. The problem is not only medical but socio-economic as well. The 
chief hope of an early improvement lies in the discovery and use by public 
health authorities of a cheap ovicidal drug which can be sprayed on the soil 
and on the floors of houses. 

Ascaris lumbricoides is the commonest intestinal parasite seen in children 

hetween 1—10 years of age, its chief incidence lying between the ages of 1—6 
years. The clinical syndromes are fully described and classified under (1) 
(astro-intestinal [medical or surgical], (2) Respiratory, (3) Nervous, (4) 
‘vrexial with enlargement of the liver, (5) Atypical and unusual cases due to 
migration of adult worms and larvae, and (6) Allergic. 
Treatment is indicated briefly. Santonin, Hetrazan, Banocide and Hexyl- 
sorcinol are the only drugs used by us. No vermifuges should be given to 
cases that are seriously ill with vomiting or toxaemia or have massive infesta- 
ns till these disorders have first been overcome. 
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10. 
. Crate, C. F. and Faust, E. C.: Clinical Parasitology. Henry Kimpton, London. 1943, 3rd Edition 
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From the Pediatric Clinic, University, Lund, Sweden. 
(Head: Professor StuRE SIwE.) 


Considerations on the Development of Dystrophia Infantum 


by STURE SIWE 


Our knowledge of the factors involved in the development of dystrophia 
infantum is far from complete. This applies in particular to the well defined 
cases in which vomiting and diarrhoea are missing. The body temperature 
is normal or, if anything, on the low side. It is remarkably steady through- 
out the day and thereby argues against involvement of the central nervous 
system, an assumption supported further by the absence of mental impair- 
ment, although development of muscular coordination is sometimes re- 
tarded. There is no evidence of endocrine disorders. 

A diet normally sufficient both in quantity and composition to guarantee 
good increase in body weight produces at most a slight effect and fre- 


quently no effect at all for a long time. Variation in the proportions of die- 
tary proteins, fats and carbohydrates, increased vitamin supply and even 
hormonal therapy have been tried, but without success. Despite a readily 
digestible diet with a calorific value above normal requirements, despite 
the absence of vomiting and despite the presence of a good fluid balance, 
the child puts on weight but slowly. For a long time body weight increases 
at only half the normal rate (500-600 g per month) or even slower. 

All pediatricians are familiar with this picture, for which several tenta- 
tive explanations have been put forward. Theoretically, various factors may 
he capable of causing dystrophia infantum. It also sounds reasonable to 
-uppose that in some cases more than one factor may be active and thereby 
veravate the symptoms. 

One might thus imagine: 

a) that the intestinal tract and its glands (including the liver and the 
pancreas) cannot digest the food because of ill-development or post- 
natal damage; 

b) that absorption from the intestine is impaired; 

¢) that the intermediate metabolism is disturbed with consequent ab- 
normal or decreased synthesis of substances necessary for normal 
new-formation of tissue; 
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d) that the circulation is not normal, some types of congenital cardio 
vascular defects being the most common accompaniments of dystro 
phia infantum; 

e) that endocrine organs or nervous centres have undergone seriou 
changes (particulary certain types of changes in the basal parts 0: 
the brain) with consequent impairment of cellular function. 


In an attempt to check the tenability of these possibilities, in recen 
years special attention was directed to all cases of dystrophia infantun 
seen at the Department, and some of the observations made in the investiga 
tion of the role played by the intestinal tract (a and b above) are described 


below. 


Material and Methods 


The material consisted only of cases in which circulatory disorders as 
well as nervous and endocrine disturbances capable of impairing metabo 
lism could be excluded and in which no signs of infection had been demon 
strable for at least two months before the beginning of the investigation. 
After the children had been on one and the same diet (whole milk with 
citric acid, 7-10 per cent cane sugar, and 3 per cent maize flour) for at least 
one month and the stools had been of normal consistence and passed once 
or twice, sometimes three times daily, the faeces were collected and examined 
every day. The urine was also quantitatively collected and examined for 
protein and reducing matter. The total increase in body weight for the 
first five days varied between 20 g and 50 g The weight curves showed 
no fluctuation before, during or after the study period. Daily determina 
tions were made of the calorie value of the food intake and of the faeces 
and urine dried in vacuo at about 60° C. 

Control measurement with the calorimeter before and after the determi 
nations showed a discrepancy of at most 1 per cent. 

The results are apparent from the figures given below: 


I. Dystrophia infantum: Calorie supply 110 per kg body weight. 


Case 1. E.L. Body weight 5000-5 020: 13-14—-13-9-9 Calories per day lost in excret 

A. J. » 4090-4130: 14-25-19-28-29 ,, 


For purposes of comparison, data are given below on controls, consisting of chi 
dren admitted to the Department for social reasons. These infants had been at t] 
Department since birth. The increase in body weight was regular and satisfactor) 


wl 


tl 
RY 
(I 
e 
at 
al 
fe 
Ca 
ty 


CONSIDERATIONS ON THE DEVELOPMENT OF DYSTROPHIA INFANTUM 577 


II. Controls: 


(ase 1. G.M. Body weight 4730-4990: 17-25-17-23-37 Calories per day 


Comments 


It is apparent from the figures given above that the calorie losses in the 
faeces and urine (the urinary loss corresponds to only a small fraction of 
the faecal) were of the same order for the dystrophic children as for the 
controls. This was surprising. Still more surprising, however, was the ob- 
servation that the losses did not vary with the intake. When, as in case 1 
(K.L.), the supply was increased to 140 calories per kg body weight, the 
excretory losses persisted unchanged. Neither was any correlation recorded 
at the controls: a 20 per cent increase of the calorie supply was not accom- 
panied by any increase in the losses. Yet in some other diseases a consider- 
able change in the calorie losses to the faeces occurs. In the presence of 
fever, for example, losses of anything up to 15 per cent of the calorie supply 
can be recorded despite the absence of diarrhoea and vomiting. Data on a 
typical case are given below. 


E.K. had pneumonia from Nov. 26. He had been fed on milk with citric acid, 
which diet was continued after admission to the Department. 


Body weight ing... .. 6070 6040 6000 6010 5960 5980 
Temperature. ...... 39.7 39.8 39.3 39.5 39.3 38.8 
Calorie supply -— 420 400 420 460 410 
Body weight ing... .. 5910 5860 5800 5830 5850 
Temperature. ...... 37.8 36.4 36.7 36.8 36.8 
Calorie supply ...... 460 600 550 760 755 
Calorie logs... 1] 3 10 5 11 


i is clear that the return of the temperature to normal was accompanied 
ly a fairly abrupt decrease in the calorie loss in the excreta and that this 
loss afterwards persisted at a low level despite a fairly rapid increase in the 
‘ lorie supply to amounts which, strictly speaking, exceeded the require- 

ents in a child of such age and weight. This strongly suggests a disorder 

the digestive tract despite the absence of gastro-intestinal symptoms. 


}7 — 547511 A. Wallgren 
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The loss in body weight was due not only to a loss of fluid, increased con 
bustion, toxic effect on the liver and the like, but also to direct impairme: 
of the digestion and absorption of the food ingested. 

Several cases of this type are on record at the Department. 


Conclusions 


Observations made in the investigation of the possible réle played b) 
the alimentary tract as a causal factor of dystrophia infantum suggest thi 


conclusion that the disease cannot be ascribed to disturbances, if any, of 


the digestion and absorption of suitable food. 
On the other hand, fever accompanying diseases not involving the di 
gestive system can influence the digestion and absorption and lead to con 


siderable calorie losses in the excreta. 
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From the Pediatrie Clinic, University in Bergen, Norway. 
(Chief: Professor ALFRED SUNDAL.) 


Morbus Hemolyticus Neonatorum 


A Survey of Morbus Hemolyticus Neonatorum. Indications for Treatment 
and the Results of the Treatment of 139 Consecutive Cases at the Children’s 
Clinic in Bergen (Norway) 


by ALFRED SUNDAL and ARNE KASS 


In most cases we know the Rhesus type to which a pregnant woman be- 
Jongs and whether she is Rhesus-immunized or not during her pregnancy. 
In Norway, doctors and midwives are compelled when consulted by a pregnant 
woman, to send a sample of her blood for serological syphilis tests to the State’s 
serological institutes in Oslo, Bergen or Troms6. This sample is examined at the 
same time, as a matter of routine, for Rhesus typing and for the presence of 
Rhesus antibody. When the woman is found to be Rhesus-immunized, the 
doctor treating her is required to maintain further control of the case and 
to see that, when her confinement is due, she is admitted to a maternity 
clinic organized with a view to the control and treatment of her infant. Most 
Rhesus-immunized mothers are confined in maternity clinics in Oslo or 
Bergen where, when the infant shows signs of morbus hemolyticus neona- 
torum, it is promptly transferred to one of the children’s clinics for closer 
supervision and whatever treatment may be necessary. 

On the West-Coast of Norway most Rhesus-immunized pregnant women 
are confined in the Maternity Clinic in Bergen, a minority being confined in 
other hospitals. Nearly all the infants of Rhesus-immunized mothers are 
promptly admitted after birth to the Children’s Clinic. In the 3-year period 
January 1, 1951 to January 1, 1954, the Maternity Clinic dealt with 9041 
confinements and 1386 Rhesus-negative parturients (15.3 per cent). 

Table 1 deals with the distribution of Rhesus-negative parturients ac- 
‘ording to the number of their pregnancies and the presence or absence of 
thesus antibody in the serum. 

Table 1 shows that in connection with the actual pregnancy 108 mothers 
vere Rhesus-immunized—a rate of one for every 83 confinements. This high 
‘ate of Rhesus-immunized parturients does not, however, accurately reflect 

? Our thanks are due to Professor JORGEN L6vsEetT, M.D., Chief of the Maternity Clinic in 


s}ergen, for permission to use the material. 
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TABLE 1 


Distribution of Rhesus-negative mothers according to the number of their preg 
nancies on the present occasion, and according as Rhesus-antibody was or wa 
not present. 


Classification according to the number of pregnancies, 
: and whether Rhesus-immunized or not 
Rhesus-negative mothers Sum 
I II | | VI | VIET | VITI| IX 
Rhesus-antibody not 
present... .. . .| 465 | 426 | 218 | 102 | 36 | 21 6 3 1 | 1278 | 
Rhesus-antibody present 10 31 33 16 | 10 6 1 1 108 | 
Total | 475 | 457 | 251] 118] 46 | 27 | 7 | 3 | 2 | 1386 | 


TABLE 2 


Stillborn and liveborn infants of Rhesus-immunized mothers. The result of Coombs’ 
test in the infants. Classification according to the number of pregnancy in the 
actual birth. 


The number of pregnancy on the present occasion 


Children born of Rhesus- 
immunized mothers Total 
II | iV VI | VII | VIII] IX 
Stillborn 2 5 2 1 1 1 12! 


Liveborn 


Coombs-positive .. . 8 21 25 14 8 5 1 82 
Coombs-negative . . . 6 6 1 ] 1 15 
Sum 10 32 33 16 10 6 1 1 109 


1 10 stillbirths of morbus hemolyticus neonatorum and 2 of other causes (one with feta! 
anoxia and atelectasis, and one placenta acreta previa in mother). 


conditions in this respect for the population as a whole. For the material of th« 
Maternity Clinic was selected in this sense that its supply of Rhesus-im- 
munized parturients was recruited from a much larger district than that fron 


which parturients ordinarily came. 

Table 2 deals with the infants of the Rhesus-immunized mothers classed ii 
two groups according as they were Coombs-test-negative or Coombs-test 
positive in relation to the number of their pregnancy on the present occasion 

It will be seen that 108 Rhesus-immunized parturients gave birth to 10: 
infants of whome 97 were liveborn. Eighty-two were Coombs positive (8° 
per cent), while 15 (15 per cent) were Coombs negative. 
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Twelve births resulted in stillbirths. In 10 of these cases morbus hemolyticus 
eonatorum was the cause of death, the fetus usually being macerated, with 
or without hydrops. The stillbirths could not, in two cases, be traced to 
ithesus-immunization (anoxia and atelectasis in one case, placenta acreta 
previa in the mother in the other case). 

The 10 stillbirths due to morbus hemolyticus neonatorum among 109 
Ithesus-immunized mothers give a rate of 9 per cent which does not, however, 
represent the accurate stillbirth rate in morbus hemolyticus neonatorum, as 
we cannot be sure that it gives the total figure for a definite population group. 

In the present material labor was not induced before term unless this course 
was necessitated by factors other than the possibility of Rhesus injury to the 
infant. It has been shown that Rhesus-immunization and the risk of morbus 
hemolyticus neonatorum for the infant do not constitute an indication for the 
premature induction of labor. To be sure, a confinement which is provoked 
3 to 5 weeks before term shows a slightly lower stillbirth rate, but this does 
not counterbalance the higher neonatal mortality of such infants (MOLLISON 
and WALKER (8)). A premature infant suffering from morbus hemolyticus 
neonatorum does not suffer only from the considerably greater risk of death 
when compared with the infant born at term, but also from the greater risk 
of kernicterus in comparison with full-term infants. But if the mother has 
previously had a stillbirth due to morbus hemolyticus neonatorum, and the 
present pregnancy shows signs of increasing Rhesus-immunization, the 
prognosis for the expected child is so dubious that it seems right to diverge 
from the rule and induce labor (sectio) three to four weeks before term. 

A positive Coombs test in the newborn infant of a Rhesus-immunized 
mother means that it has been influenced by Rhesus antibody before birth. 
But the strength of the Coombs test gives no certain information as to whether 
the damage to the infant is severe or light. Information on this score is to be 
sought by other investigations to be undertaken directly after birth, as an 
early exchange transfusion is the best treatment (8), seeing that it gives a 
lower mortality and smaller risk of kernicterus than repeated blood trans- 
fusions. In the newborn infant the degree of Rhesus damage inflicted is 
«stimated from the manifestations of hemolysis present at birth: anemia, a 
high reticulocyte count, a rise of the number of nucleated erythrocytes, an 
increased serum bilirubin (and any jaundice which may appear shortly after 
birth). These manifestations show whether the newborn infant needs ex- 
ange transfusion at once, whether it is safe to delay such a course, or 

hether the infant is well enough to render an exchange transfusion un- 

cessary. 

In a Coombs positive newborn the most important manifestations of 

‘molysis are anemia and hyperbilirubinemia. In gauging the anemia, the 
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hemoglobin figures from the blood of the umbilical cord provide the mos 
reliable measure. The hemoglobin figures of a healthy newborn infant should 
be over 95 per cent (MOLLISON and CoTBUSH (7)). The hemoglobin figure: 
from capillary blood are less reliable because an intra-uterine anemia can b 
masked by the placental blood which is greatest if the umbilical cord is tied 
late, but which also can play some part when this ligature is undertaken 
sarly. In the cases in which blood from umbilical cord is not examined, and 
when we must content ourselves with capillary blood, normal hemoglobin 
figures will be over 105 per cent during the first 24 hours after birth (6). 
Fetal hemolysis of erythrocytes can, beside the anemia, also be indicated 
by high serum bilirubin figures at birth. In healthy infants the serum bilirubin 
in blood from the umbilical cord will be on an average between 1.5 and 2 mg 
per cent with variations upwards to 3 mg per cent—MOLLISON and CUTBUSH 
(7), DAVIDSON, MERITT and WEECH (3), HSIA, ALLEN JR., DIAMOND and 
GELLIS (4). In children with morbus hemolyticus neonatorum the bilirubin 
figures in blood from the umbilical cord are usually higher, on an average 5 
mg per cent, and in one-third of such cases they are over 6 mg per cent (4). 
Serum bilirubin can, however, be normal at the birth in infants suffering from 
morbus hemolyticus neonatorum because the hemoglobin set free by intra- 
uterine hemolysis can be broken down and excreted by the mother. A normal 
serum bilirubin at birth does not therefore exclude with certainty the pos- 
sibility of an even considerable degree of morbus hemolyticus neonatorum. 
On the basis of the hemoglobin and bilirubin figures referred to above, and 


partly after WALKER (10), we are at present following these indications for 


the treatment of newborn Coombs positive infants whose mothers are Rhesus 
immunized:— 

(1) Hemoglobin figures = 95 per cent in blood from the umbilical cord or 

105 per cent in capillary blood during the first 24 hours after birth. 

2) No anemia but serum bilirubin > 2.7 mg per cent in blood from th¢ 
umbilical cord or capillary blood directly after birth. 

When the first exchange transfusion has been undertaken, further treatmen! 
during the first few days will be devised to prevent kernicterus. Exchang: 
transfusions greatly reduce the risk of kernicterus later on. Thus ALLEN JI: 
DIAMOND and VAUGHAN (1) found that in the period during which infant 
suffering from morbus hemolyticus neonatorum were treated with ordinar 
blood transfusions, kernicterus occurred in about 12 per cent as compare: 
with 2—3 per cent when treatment consisted of exchange transfusion. 

In healthy newborns the serum bilirubin rises during the first few days aft« 
birth from about 1.5—2 mg per cent at birth to a maximum averaging abot 
7 mg per cent, after about 48 hours in the case of mature infants, and to | 


mg per cent after about 96 hours in premature infants—HsIA, ALLEN JR 
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NAMOND, GELLIS (4, 5). The bilirubin figures in the serum fall from this 
imaximum. In infants suffering from morbus hemolyticus neonatorum the 
erum bilirubin will rise from an average of about 5 mg per cent at birth 
(variation from 2 to 10 mg per cent) to a maximum figure in untreated cases 
ip to 15—30 mg per cent or more in the course of 2 to 3 days or little later. 
Infants with a high serum bilirubin peak show a considerably greater oc- 
currence of kernicterus than infants whose serum bilirubin remains at a 
lower level. MOLLISON and CuTBUSH (7) found that no infant developed 
kernicterus when the maximum serum bilirubin figure did not exceed 18 mg 
per cent, but 5 out of 11 infants with higher figures developed kernicterus. 
IistA, ALLEN JR., GELLIS and DIAMOND (5) have plainly shown the parallel 
relationship of a high serum bilirubin level and the occurrence of kernicterus. 
Serum bilirubin determinations 2 hours after birth showed that among 76 
infants with bilirubin under 5 mg per cent there was not a single case of 
kernicterus. Among 91 infants with bilirubin between 6 and 15 mg per cent, 
4 developed kernicterus. Among 50 infants with serum bilirubin between 
15 and 30 mg per cent, 9 developed kernicterus, and among 12 infants with 
bilirubin over 31 mg per cent there were 6 who developed kernicterus (the 
serum bilirubin determined 2 hours after birth did not represent the maxi- 
mum). The conclusion drawn from these investigations is that kernicterus 
will probably develop in infants suffering from morbus hemolyticus neona- 
torum if the serum bilirubin rises over 30 mg per cent, but will probably 
he avoided if this figure is not higher than 20 mg per cent. 

By repeating exchange transfusion once or oftener, serum bilirubin can be 
kept under control, provided serum bilirubin determinations are carried out 
regularly during the first 4 to 5 days and exchange transfusions are given at the 
critical stage. During the past year-and-a-half we have determined the serum 
bilirubin in the blood of the umbilical cord (or in capillary blood directly 
after birth), and later when the infant was about 12 hours, 24 hours, 48 
hours, 72 hours, and 96 hours old. When the bilirubin reached 15 mg per cent 
it the age of 12 hours, we regarded this as an indication for a new exchange 
‘ransfusion because we had then to assume that the bilirubin was certain to 
rise to more than 20 mg per cent during the following few hours. According 
'o HstA, ALLEN JR., GELLIS and DIAMOND (5), we have put a serum bilirubin 

‘vel above 20 mg per cent as an indication for repeated exchange transfusion. 

Between September 1950 and April 1, 1954 (3 years and 7 months) a total 
f 139 infants suffering from morbus hemolyticus neonatorum were ad- 
nitted to the Children’s Clinic (Coombs positive infants from Rhesus-im- 
1unized mothers). This figure includes all the infants admitted in the first 
eek of life, not only infants in whom treatment had a chance to be suc- 
essful, but also those newborn who were moribund on admission, as well as 
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TABLE 3 


Infants suffering from morbus hemolyticus neonatorum, and admitted to th 
Children’s Clinic in the first week of life. Classified according to their age o 


admission. 
Age on admission 

0-24 | 2448 | 48-72 | 72-96 4-7 =m 

hours hours hours hours days 

Infants from Maternity 

101 7 6 114 
Other infants .... 17 3 l 4 25 
Sum 118 | 10 | 1 10 139 


TABLE 4 


All infants suffering from morbus hemolyticus neonatorum admitted to the Children’s 
Clinic in the first week of life. Results of treatment. 


Age on admission Results 
| 
0-24 | 24-48] 48-72| 72-96] 4-7 
Died |}. Cured 
hours hours | hours | hours | days icterus 
Group A .... gi? 2 
Group B .. . 10 8 134] 2° 4] 130 
Group C 1° 98,9 3 > 98,9 
Sum | 118 | 10 | 1 10 139 5 4 130 


1-9 refer to case record of the patients who died or developed kernicterus (page 587). 


those who were admitted late after birth and already showed signs of com 
plications (kernicterus) indicating that little could be done. Table 3 deal: 
with infants suffering from morbus hemolyticus neonatorum and classifie: 
according to their age in hours on admission to hospital. 

Altogether 118 infants were admitted less than 24 hours old, most of ther 
(101 infants) transferred from the Maternity Clinic in Bergen directly aft: 
birth. There were 21 infants more than 24 hours old on admission, and 11 « 
them were from 3 to 7 days old on admission. The indication for admissic 
in these cases was often some serious complication of morbus hemolytic: 
neonatorum (kernicterus). 

In order to gauge the results of the treatment, it is necessary to undertal. 
a more detailed grouping of the total material. Table 4 shows such a groupin 
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TABLE 5 


infants suffering from morbus hemolyticus neonatorum classified according to the 
aumber of their mothers’ pregnancies, the need for treatment (exchange transfusion) 
and the results of treatment. 


Number of pregnancy Results of treatment 
Treatment VII/ Sum} % Surviving 
Died |with kern-| Healthy 
VIII 
icterus 

Exchange transfusion 

not indicated (light 

Cases)” 6] 5 2 59} 44 59 
Ex. tr. indicated . . 75 | 56 
Ex. tr.once ....| 2 | 29/12] 10] 6 59 58 
Ex. tr. twice... 1] 5°} 77] 1 15 12 
Ex. tr. three times 1 1 l 

Total | 7 | 46 | 39 | 22] 12] 6 2 | 134 | 2 2 130 


8, 


'® 7 refer to the case records page 587. 


Group A includes the infants who were seriously ill directly after birth and 
were admitted to the Children’s Clinic moribund, dying shortly after ad- 
mission (2 infants). 

Group B includes the infants who were admitted at an age and in a condi- 
tion providing possibilities for the treatment to give results (134 infants). 

Group C includes the infants who were admitted late (between the third 
and seventh day) and who suffered from kernicterus on admission (3 infants). 

The two infants in group A suffered from severe morbus hemolyticus 
neonatorum. They were seriously ill at birth and were transferred from the 
maternity to the Children’s Clinie in a moribund state, dying shortly after 
admission (cases 1 and 2). 

Group B includes all the infants who suffered from morbus hemolyticus 
neonatorum and who were admitted in the first week of life, but it does not 
include the two infants who died shortly after admission (Group A) nor the 
three infants who were admitted between the ages of 3 and 7 days with marked 
signs of kernicterus (Group C). Group B contains 134 infants. 

Group C includes 3 infants aged 3, 5 and 6 days respectively on admission 
ind presenting clear signs of kernicterus. Case 5 ended in death, and cases 
‘and 9 developed kernicterus with cerebral palsy. 

Table 5 deals with patients in Group B, the degree of their illness being 
ndicated by the need, or absence of need, for treatment (exchange trans- 
‘usion once or oftener). The results of the treatment are indicated, each 
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infant being grouped according to the number of the pregnancy in the present 
instance. 

Table 5 shows that among 134 cases of morbus hemolyticus neonatorun 
there were 59 (44 per cent) whose illness was so slight that there was no in 
dication for exchange transfusion. Kernicterus did not occur in these cases. 
and there were no deaths. The remaining 75 infants (56 per cent) suffered 
from morbus hemolyticus neonatorum giving rise to manifestations in 
dicating the need for exchange transfusion. In 59 cases a single exchange 
transfusion was sufficient, but it had to be repeated in 16 cases (twice in 15 
cases and thrice in one). It should, however, be noted that during the 3!/, 
year period with which we are dealing, the indications for exchange trans- 
fusion have varied somewhat. The above-mentioned indications (with anemia 
gauged by Hb and serum bilirubin figures as guides to repeated exchange 
transfusion) have been strictly followed only during the last year and a half, 
and according to our present standpoint we would have given case 6 several 
exchange transfusions. 


What is the outlook for an infant suffering from morbus hemolyticus 
neonatorum and able to benefit from laboratory control and modern treat 
ment within 24 hours of birth? Table 4 shows that 118 infants enjoyed such 
facilities. Two of them died directly after birth before treatment could be 
given. Among the 116 who came under control and received treatment directly 
after birth there were 2 who died. Among the surviving 114 infants there 
was one who developed severe kernicterus and another doubtful kernicterus. 
Thus the risk of death for infants coming under treatment early is 3.4 per cent 
according to this material and the risk of kernicterus is 1.7 per cent. 

During the last year and a half (in which hemoglobin and serum bilirubin 
figures at birth gave the indication for exchange transfusion and serum 
bilirubin control continued during the first 5 days showed whether the repeat 
exchange transfusion was necessary) we have treated 58 infants suffering 
from morbus hemolyticus neonatorum and admitted to hospital in the first 
day of life without a single fatality and without kernicterus. 

Our last 7 patients have also been subjected to spectrophotometric exam 
inations of the serum in addition to the tests already mentioned. We have not 
observed any definite relationship between the strength of the absorption 
bands or their number, and the patient’s condition as judged by clinica! 
criteria or laboratory methods. The number of these tests we have carried 
out is small, but the results obtained with the technique followed at present 
are so lacking in uniformity and so variable that for the present they do no‘ 
seem to be capable of helping us to choose between one or several exchang' 


transfusions or of anticipating the further course of the disease. 
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Case Records of Death and Kernicterus in the Total Material 


(The case numbers are those given in Tables 4 and 5) 


Voribund on admission to the Children’s Clinic: 


Case 1. Female infant born on 18/7/52 (Case No. 827/52). Mother a 2-para with 
Rhesus antibody titre in saline solution 1:4 and albumin medium 1:512. Weight at 
birth 4030 ¢. Admitted half an hour old. Edematous, pale, and cyanotic. Liver and 
spleen enlarged. Hb, 42 %. R.B.C. 1.82 mill. Nucleated erythrocytes 7,9 %. Serum 
color 30. Treated with oxygen etc. Died half an hour after admission while preparations 
were being made for exchange transfusion. Post-mortem examination: Erythroblastosis 
fetalis. Ascites. Bilateral hydrothorax. 


Case 2. Female infant born on 12/2/52. (Case No. 114/51). Mother a 3-para (abortion 
in 1943, stillbirth—erythroblastosis—in 1949). During the present pregnancy the highest 
Rhesus antibody titer in saline solution was 1:256 and in albumin medium 1:1024, 
hut before confinement there was a fall in saline solution to 1:8, and 1:64 in albumin 
medium. Infant born 3 weeks before term. Weight 2850 g. Admitted to hospital 
| hour old, pale, cyanotic, collapsed. Cutaneous hemorrhages, enlargement of liver 
and spleen. No edema. Hb 50%. R.B.C. 1.92 mill. Reticulocytes 90 per thousand. Nu- 
cleated erythrocytes 12 %. Serum color 110. Death 1 hour after admission while 
exchange transfusion was being started. Post-mortem examination: Erythroblastosis 
fetalis. 


(riven exchange transfusion, but died: 


Case 3. Male infant born on 25/11/52 (Case No. 1368/52). Mother previously given 
a blood transfusion, a 2-para. Her first, born in 1949, was healthy. During her present 
pregnancy, Rhesus antibody titre in saline solution 1:2 and in albumin medium 1:1024. 
Infant born at term, weighing 3430 g. Admitted to the Children’s Clinie half an hour 
old. Palid, eyanosed, edematous, whimpering. Liver and spleen enlarged. Hb 46 % 
R.B.C. 2.42 mill. Nucleated erythrocytes 3 %. Reticulocytes 120 per thousand. Serum 
color 30. The first exchange transfusion was given when the infant was 33 hours old 
and was well tolerated, 530 ml of blood being introduced and 460 ml being withdrawn. 
The numerous vesicular adventitious sounds heard over both lungs on admission 
increased during the first 24 hours, being accompanied by repeated attacks of cyanosis 
and progressive heart failure. With some misgivings the second exchange transfusion 
was started when the infant was 164 hours old. While it was being given, the infant 
became worse, dying half an hour later. The post-mortem examination showed eryth- 
roblastosis fetalis, a lesion of the umbilical vein with hematoperitoneum (the only 
case in our material with known damage due to exchange transfusion), hydropericar- 
lium, dilation of the heart and a hemorrhage in the falx cerebri. 


Case 4. Male infant born on 8/3/51 (Case No. 214/51). Mother 6 times pregnant. 
ier first infant, born in 1941, was healthy. Her second pregnancy in 1943 ended in 
bortion in the third month. A healthy infant born in 1944, a stillbirth in 1946. Her 
ifth pregnancy led to the stillbirth of 7-month twins in 1947. During her present 
»vregnaney Rhesus antibody titre in saline solution 1:4, albumin medium 1:4096. 
nfant born 2 weeks before term, weighing 3550 g. Admitted half an hour old, flabby, 
lebilitated, slightly jaundiced. Spleen enlarged. Hb 59 %. R.B.C. 1.71 mill. Nucleated 
rythrocytes 10.5 %, reticulocytes 292 per thousand. Serum color 115. An exchange 
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transfusion was started when the infant was 2} hours old, 500 ml of blood bein 
introduced and 470 ml withdrawn without any complications. As the jaundice an 
enlargement of the spleen were progressive, a second exchange transfusion (500 ml 
was given when the infant was 20 hours old without any complication. Ever since hi 
admission to hospital the boy had shown marked signs of atelectasis with increasin: 
attacks of cyanosis. He died 26 hours old. Post-mortem examination: Erythroblastosi 
fetalis, atelectasis and congestions of the lungs. 


Given exchange transfusion, but kernicterus developed (case 6) and doubtful kernicterus 

(case 7): 

Case 6. Male infant born on 1/9/51. (Case No. 702/53). Mother a 4-para (not giver 
blood transfusions) whose first 3 children are healthy and said not to have been yellow 
at birth. During the present pregnancy Rhesus antibody titre over 1:4096 in salin« 
solution and albumin medium. Born at term, the infant weighed 3330 g and was 
admitted 2 hours old. Except for slight jaundice and a palpable spleen there was 
nothing out of the ordinary on examination. Hb 78 %, R.B.C. 3.8 mill. nucleated 
erythrocytes 0.4 %, reticulocytes 200 per thousand, serum color 45. Exchange trans- 
fusion 3 hours old (450 ml). From the third day of life progressive jaundice and marked 
signs of kernicterus with opistotonus. (Unfortunately, repeated exchange trans- 
fusions were not given at this time—1951). The infant has subsequently been admitted 
twice to the Children’s Clinic, being 20 months old on the last occasion. He shows signs 
of damage to the brain, with marked athetosis and deep oligophrenia. 


Case 7. Female infant born on 14/10/52. (Case No. 1356/53). Mother pregnant 3 
times. In 1948 her first infant, born at term, died after 12 hours. Her second infant, 
born at term in 1949, suffered transient jaundice from the second day of life. Subse 
quently healthy. During the present pregnancy the Rhesus antibody titre was 1:2 
in saline solution and 1:128 in albumin medium. Caesarian section at term, weight 
4100 g. Admitted 2 hours old in good general condition. Slight jaundice, spleen palp- 
able. Hb 100 %, R.B.C. 4.2 mill., nucleated erythrocytes 0.13 %, reticulocytes 94 per 
thousand. Serum color 45. The first exchange transfusion given 64 hours old (500 ml) 
without any complications. As the serum color and jaundice were rising a second 
exchange transfusion was given when she was about 24 hours old (500 ml), without 
any complications. The serum color continued to rise to a maximum of 150 when she 
was 5 days old. Since she was 2 days old she had been somewhat feebler than normal, 
and she was rather sluggish and drowsy during the first fortnight. When she was 
about 3 weeks old the “sunset”? sign was observed, but at no time was there any 
opistotonus or other phenomenon indicative of irritation of the cerebrum. She might 
possibly, be suffering from slight kernicterus. On re-examination in the Clinic one yea 
old, she was found to be certainly physically, but not definitely mentally backward 
Apart from a converging strabismus and a slight and questionable athetosis, 
neurological examination showed nothing abnormal. The possibility of kernicteru 
sequelae seems to be doubtful. 


Admitted between the third and seventh day with signs of kernicterus on admission: 


Case 5. Male infant born on 26/9/51. (Case No. 914/51). Mother pregnant 4 time- 
her first two children being healthy, without signs of jaundice as newborn. Her thir 
pregnancy ended in abortion in the second month. No examination for Rhesus anti 
bodies during her present pregnancy. Her infant, born 4 weeks before term, weighe: 
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2350 g and was asphyxiated at birth and jaundiced since the first day of life. Admitted 
* days old when he was feeble, drowsy, whimpering, with cerebral manifestations and 
very jaundiced. The fontanelles were tense. Subdural puncture was undertaken, but 
10 abnormal fluid was found. Lumbar puncture yielded a very yellow fluid. Hb 130. 
k.B.C. 4.82 mill. reticulocytes 66 per thousand, serum color 140. Died 3 days after 
admission with periods of increasing apnea. Post-mortem examination: Erythro- 
hlastosis fetalis (Ieterus gravis). Pigment deposits in the organs. Kernicterus. Atelec- 
tasis of the lungs. 


Case 8. Female infant born on 29/5/52. (Case No. 854/52). Mother had one healthy 
child earlier. During her present pregnancy the Rhesus antibody titre was 1:8 in 
saline solution and 1:16 in albumin medium (in the seventh month of pregnancy). 
Infant born about 5 weeks before term, weighing 2440 g. Progressive jaundice observed 
since the second day of life. Admitted 5 days old with signs of prematurity. Mar- 
kedly jaundiced. Opisthotonus with extended limbs. Hb 105. R.B.C. 4.26 mill., reti- 
culocytes 18 per thousand, serum color 150. Exchange transfusion on the fifth, sixth 
and seventh day of life (with the exchange of about 500 ml of blood on each occasion). 
The serum color fell to normal with the disappearance of the jaundice after this treat- 
ment. Improvement of the general conditions, but opisthotonus persisted till she was 
discharged after 6 weeks. According to a letter from her mother the infant died about 
6 months old of an acute febrile disease. 


Case 9. Male infant born on 22/5/51 (Case No. 866/53). The mother’s 3 older children 
said not to have been yellow at birth. Blood transfusion given after the last con- 
finement. During the present pregnancy Rhesus antibody titre 1:64 in saline solution 
and albumin medium. Labor induced 3 weeks before term. Weight at birth 2980 g. 
Increasing jaundice observed since the second day. On admission, when 6 days old, 
very jaundiced and with marked opisthotonus and rigidity of the extended limbs. 
Hb 82 %. R.B.C. 4 mill., reticulocytes 38 per thousand, serum color 150. Exchange 
transfusion not attempted. Two blood transfusions given later for anemia. Throughout 
the 6 weeks’ stay in clinic there was a constant tendency to opisthotonus with a moder- 
ate, somewhat variable degree of rigidity. General condition quite satisfactory. Has 
subsequently been admitted twice to the Children’s Clinic, on the last occasion when 
2 years old. A cerebral palsy of an athetoid type with retarded mental development 
las now set in. 


The Need of Treatment with Ordinary Transfusions 


In the treatment of morbus hemolyticus neonatorum the most important 
and urgent question, already discussed, concerns the indications for one or 
veral exchange transfusions during the first days of life when there is a risk 

the development of kernicterus. Later in the course of treatment the main 
‘oblem concerns the indications for ordinary blood transfusions. In mild 
rms of the disease which have not required an exchange transfusion, ordinary 
insfusions will constitute the primary treatment when hemolysis is great 
ough to induce anemia. Later on the question will be raised in every case 
\ hether further treatment should be given in the form of ordinary trans- 
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How severe must anemia be to constitute an indication for transfusion 
how long must we be in the fear of the development of anemia, and how lon: 
is it necessary to keep the patient under supervision? Satisfactory answer 
to these questions are of great practical and economic significance to us i! 
many cases in which the patient’s home is far away, and we are to decide fo: 
how long we are to keep the patient in hospital. 

During the first period after the primary treatment, particularly afte: 
exchange transfusion, the development of anemia may depend not only on th: 
hemolytic mechanism, but also, it has been argued, on an ‘“‘aregeneratory’ 
phase in the bone marrow operative for 6 to 8 weeks during which it is neces- 
sary to keep the patient under observation. 

With a view to comparing the significance of these two processes, we have 
attempted to gauge the development of anemia in relation to Coombs’ test, 
to the demonstration of Rhesus antibody in the infant’s serum, and to the 
reticulocyte counts. 

As commonly held, Coombs’ test has remained positive for up to 6 weeks 
in our patients not treated with exchange transfusion. During the same 
period antibody demonstrable in albumin medium has been found, and reti 
culocyte counts have in such cases been markedly higher than in patients 
given exchange transfusion. When such exchange transfusion has been given, 
Coombs’ test has usually become negative, or in some cases from 20 to 10 
per cent of the red cells has shown agglutination, while free antibody has also 
here been found for up to 7 weeks after birth. These apparently contradictory 
findings must be explained on the assumption that, at the time in question, 
the infant’s percentage of self-made blood cells is too low to enable the test 
to become positive. 

Antibody titrations, carried out in patients given exchange transfusion, 
were continued regularly for some time, but were later abandoned as a routine 
measure when they were found to have no practical value. For on the basi 
of the antibody titre found in the infants serum we could not foresee the 
development of an anemia which did or did not call for a new transfusio1 
We acted at that time in conformity with the theory concerned with « 
‘“aregenatory”’ phase, and we systematically gave a new transfusion when w 
found such blood counts as Hb 60 per cent and R.B.C. 3 mill. (or Hb & 
per cent and R.B.C. 4 mill. in the first week of life). Most of the patients als. 
suffered from a relative or an absolute reticulopenia when the transfusio1 


were given. 

-atients suffering from morbus hemolyticus neonatorum show high ret 
culocyte counts at birth, and they are one of the means by which we ¢i 
estimate the activity of the disease. When an exchange transfusion is n‘ 
given, the reticulocyte counts will continue to remain relatively high aft: 
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an initial fall, and will reflect the great erythropoietic activity which is a 
consequence of the hemolytic process. After an exchange transfusion, on the 
other hand, the reticulocytes fall to low levels, and this event has been taken 
‘0 indicate that the bone marrow has entered on an ‘‘aregeneratory”’ phase 
(2) which is said to last during the following weeks and has been described 
us an exhaustion phase. The ‘“‘aregeneratory”’ phase has also been explained 
on the assumption that the antibodies have an inhibitory effect on erythro- 
poiesis (9). 

Taking as our background the above-mentioned mechanism, with every 
sign of intense activity in the bone marrow at the patient’s birth, while the 
antibodies must still be assumed to have their maximum concentration in 
the erythropoietic system, we can find little satisfaction in the theory aec- 
cording to which the bone marrow shows a sudden onset of an “exhaustion 
reaction” directly after treatment is started or its activities are inhibited at 
this stage. 

In cases in which we have hesitated over transfusion ‘refills’, we have 
observed a marked rise of the reticulocyte count while free antibody was still 
demonstrable. Systematic reticulocyte counts under such conditions suggest 
that erythropoiesis shows a ‘‘purposeful reaction”? to the treatment given. 
While anemia is developing after an exchange transfusion in patients with 
reticulopenia, an incipient rise in the reticulocyte count may be followed 
by a marked fall after a transfusion ‘refill’? has been given. The anemia must, 
however, have reached a certain stage, with about 2.5 millicn red cells, before 
the bone marrow receives the stimulus necessary for starting its activity 
again. When anemia shows such a development, and we abstain from giving 
a new transfusion, a marked rise of the reticulocyte count sets in and a spon- 
faneous improvement of the anemia follows. The demands made on erythro- 
poiesis fall normally at birth. By means of exchange transfusion and “refill” 
transfusions which may be given later on, the plentiful and passive supply of 
hlood will further reduce these demands so much that the erythropoietic 
apparatus apparently needs a quite marked anemia to stimulate it into 
renewed activity. But the latent erythropoiesis is still intact, and it will set 
{0 work again when need arises. 

When we have assured ourselves that Coombs’ test is negative and anti- 
hody is no longer demonstrable, and thus the hemolytic mechanism has been 
vut out of action, we are entitled, in our opinion, to take a wait-and-see at- 

tude to the anemia, trusting to the belief that it will show spontaneous im- 

rovement with a Hb count of 55—50 per cent and some 2.5 million red cells. 

This is why we now have decided to reduce the strict demands we used to 
'iake for some 8 weeks’ regular control of the patient’s blood counts. In this 

ay we have succeeded in effecting a great reduction in the duration of the 


| 
in| 
t. | 

| 
ks | 
tis 

ts 
n, 
10 
ll, 
} 


592 A. SUNDAL AND A. KASS 


prolonged stay in hospital which used to be considered necessary when geo- 
graphical conditions rendered regular control of the patient difficult at home. 

The average stay in the Clinic for the last 30 patients treated with exchange 
transfusion has been 26 days. After following the mentioned indications none 
of the last 15 exchange transfusions have needed further transfusions. The 
most pronounced anemia in these 15 patients occurred in a patient who 
needed two exchange transfusions and who at an age of 4 weeks showed Hb 
50 per cent and 2.38 million red cells. At this time reticulocytosis started 
(max. 112 per thousand), and the anemia recovered spontaneously. 


Summary 


During the last 31/, years (1951—54) a total of 139 cases of morbus hemoly- 
ticus neonatorum were admitted to the Children’s Clinic in Bergen during 
the first 7 days of life. 

The rate of stillbirths from morbus hemolyticus neonatorum was 9 per cent 
among the 109 Rhesus-immunized women confined in the Maternity Clinic 
in Bergen. 

An account is given of the indications for exchange transfusion followed 
during the last 11/, years. They are: (1) Hemoglobin = 95 per cent in umbilical 
cord blood or = 105 per cent in capillary blood during the first 24 hours of 
life. (2) No anemia, but serum bilirubin > 2.7 mg per cent at birth. 

Among 118 newborn infants suffering from morbus hemolyticus neona- 
torum and with facilities for adequate control and treatment, there were 4 
who died. Two of them were very ill at birth, dying before exchange trans- 
fusion could be given. The other two died after treatment. This gives a total 
mortality rate of 3.4 per cent. Among the 114 newborn infants given one or 
more exchange transfusions and surviving, were two who developed kernic- 
terus. The diagnosis of kernicterus was questionable in one of these cases. 
Taking both cases into account, the frequency of kernicterus was 1.7 per cent. 

During the last 1!/, year, with treatment strictly indicated by anemia ani 
serum bilirubin, 58 consecutive cases of morbus hemolyticus neonatorum 
have been treated without any deaths or kernicterus. 

With regard to treatment after the first 7 days, the authors insist that as : 
result of one or more exchange transfusions the regeneration of erythrocyte 
will be repressed, with low reticulocyte counts until the hemoglobin show 
values down to 55 or 50 per cent. But reticulocytosis then sets in, and ther 
will appear a rise of the erythrocytes and hemoglobin. 
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Clinique Médicale Infantile «G. Gaslini» de Université de Génes 
(Chef.: prof G. DE 


La croissance de la taille chez les enfants atteints par 


le diabéte sucré 
Le Nanisme insulaire ou syndrome de Nobécourt 


par G. DE TONI 


Avant la découverte de Vinsuline, une étude sur les rapports possibles entre 
diabéte pancréatique et croissance de la taille, était sans doute trés difficile 
a faire. Le diabéte est assez rare, chez les enfants; selon les statistiques les 
plus dignes de foi, on peut caleuler que pendant les dix premiéres années de 
la vie, les cas de diabéte sucré atteignent a peine le pourcentage de 1, ayant 
‘apport au nombre total des malades. A la difficulté, dont était cause la 
rareté du diabéte des enfants, s’ajoutait la gravité de cette maladie chez les 
sujets en jeune age. Le diabéte des enfants est presque toujours une maladie 
grave, dont le cours est trés rapide et dont Vissue était fatale, apres un délai 
de peu de mois, avant la découverte de Vinsuline. Les cas de ce que lon 
appelle «diabetes innocens» (ou «petit diabéte») sont exceptionnels chez les 
enfants; on doute aussi qu’ils rentrent vraiment dans le groupement du dia- 
béete pancréatique véritable. 

On peut comprendre aisément, par cela, qu’avant la découverte de Pinsuline 
(BANTING et BEST 1921-22) les études systématiques sur la croissance des 
enfants diabétiques ne pouvaient pas méme ¢tre conduits; ’ancienne littérature 
pédiatrique ne parle méme pas de troubles de la croissance de la taille, au 
cours de cette maladie, ou bien disait-on que la croissance, chez les petits 
malades, poursuivait d’une facon tout a fait normale. 

On doit réconnaitre au pédiatre frangais NoBECoURT (1919) le mérit: 
d’avoir fait remarquer, pour la premiére fois, que pendant le cours du diabét: 
sucré, la taille d’un enfant peut présenter une réduction trés remarquable. 
NOBECOURT est revenu ensuite sur ce sujet (1922-1923) et il a proposé di: 
faire une distinction entre deux formes cliniques différentes du diabéete de 
enfants. Le diabéte avee dystrophie ot il y a une croissance normale de la taille 
tandis que enfant maigrit d’une facon progressive; et le diabéte avee hypo 
trophie ou Venfant garde assez son embonpoint, tandis que la croissance de |: 


taille montre un ralentissement ou bien tout a fait une arrestation. 
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Je ferai remarquer tout de suite que la terminologie de «dystrophie» et de 
hypotrophie», en ce cas, ne nous parait pas claire, puisqu’elle peut faire 
‘omber en erreur, si nous pensons a la signification classique que l’on donne 
ces termes en pathologie infantile. 
En appliquant au contraire la classification auxologique, que j’ai proposée 
il y a quelques années (DE TONI 1947, 1949), lorsque le retard de la croissance 
de la taille n’est pas trés fort (c’est a dire lorsque la taille de ’enfant corres- 
pond a celle d’un enfant normal, dont lage soit de 1-3 années au dessous) 
on doit parler de microsomie; si le poids montre une croissance retardée, de 
méme que la taille, on parle @hyposomie; enfin si le retard de la croissance 
dépasse la limite de trois années, on parle de nanisme. 
Nous donnons ici trois exemples, qui serviront 4 démontrer les possibilités 
qui sont offertes par ma classification: 


1°. Garcon Agé de 10 ans et 2/49. 
Taille : 127 em (= 9 ans; écart : — 1 an et 2/)9) 
Poids : 29, 600 kg (= 10 ans; éeart : — 2/39) 


Classification auxologique : microsomie. 
2°. Gargon Agé de 10 ans et ?/y9. 
Taille : 125 em (= 8 ans et °/,; écart : 1 an et 8/49) 
Poids : 26,400 kg (= 9 ans; écart : 1 an et 2/15) 
Classification auxologique : hyposomie. 
3°. Gargon Agé de 10 ans et ?/y9. 
Taille : 117 cm (=7 ans; écart : 3 ans et 2/19) 
Poids : 24,000 kg (= 8 ans; écart : 2 ans et 2/19) 
Classification auxologique : nanisme. 


Si nous appliquons ma classification auxologique aux cas qui ont été dé- 
crits par NOBECOURT, nous voyons que le delai de la croissance de la taille 
dépassait la limite de trois ans; nous sommes done autorisés a conclure qu’il 
s’agissait de nanismes véritables. 

A la suite de NoBkcourtT, d’autres auteurs ont publié des cas semblables, 
en proposant des dénominations tout a fait différentes pour ce trouble de la 
croissance. En 1930-1933 FLIEDERBAUM a parlé de «infantilisme insulogéene», 
tandis que PRIESEL, en 1935, a proposé le terme de infantilisme insulaire. 
Quelqu’un a parlé de namisme pancréatique en général, mais cette terminologie 
nous parait un peu inéxacte, car elle se préte a quelques confusions avec les 
delais de croissance de la taille que ’on peut remarquer au cours de la maladie 
fibrocystique du pancréas et de la stéatorrhée pancréatique. Plus récemment, 
WAGNER, WHITE et BOGAN (1942) ont proposé le terme de nanisme diabétique, 
que nous retenons aussi trés peu adapteé; il suffit de penser aux retards de la 
croissance de la taille que lon voit souvent pendant le cours du diabéte 
insipide et du diabéte rénal, maladies qui n’ont rien en commun avec le 


diabete sucré. 
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\BL 
Classification auxologique de 32 enfants diabétiques soign. 
Age du malade Age du malade au 
N. Année | Nom du malade| Sexe au moment de moment du commenc.} 7» Ile 
lentrée de la maladie 

1 1942 B. Annibale M 9 ans et 5/,. 6 ans 128 

2 1942 B. Caterina F 11 ans et 4/;2 9 ans 126,5 
3 1943 C. Vera F 14 ans et 3/,. 13 ans et °/,5 hy 
4 1943 :. Dario M 5 ans et 3/15 5 ans et 7/15 103 
5 1944 B. Angela F 8 ans et 4/;, 8 ans et 3/,, 5 
6 1945 S. Maria ¥F 9 ans et 7/1. 9 ans et 1/)5 128 
7 1946 D. Antonia F 8 ans et 8/15 8 ans et 7/15 127 
8 1946 B. G. Carlo M 7 ans et 1/15 7 ans 110 
9 1946 C. Carla F 8 ans et 5/,. 8 ans et 7/1. 139 

10 1947 C. Armanda F 8 ans 7 ans et !1/,, 116,5 
1] 1947 x. Silvia F 13 ans et 2/1. 13 ans et 1/1. 157 
12 1948 P. Aldo M 13 ans et 5/1, 2 ans 136 
E 1948 B. Alberico M 10 ans et 4/,. 9 ans et "/,, 137 

14 1948 F. Franco M 8 ans et 4/;. 8 ans et 2/1. 125,5 
15 1949 M. Umberto M 6 ans et 5/,. 6 ans 112 
16 1949 x. Silvano M 10 ans 9 ans et '°/,, 125 
17 1949 C. Maria Rosa F 5 ans et 7/,. 5 ans et 8/12 109 
18 1950 S. Pietro M 9 ans et °/,, 9 ans et 4/1. 132 
19 1950 F. Augusta F 12 ans et 4/,. 11 ans et /,, 135 
20 1951 C. Paolina F 5 ans et 5/,, 4 ans et 7/1. 106 
21 1951 R. G. Franco M 2 ans et 4/12 lan et 1/,, 85 
22 1951 B. Roberto M 7 ans et °/1. 7 ans et °/1. 134 
23 1952 F. M. Teresa F 6 ans et °/,. 6 ans et 4/1. 116 
24 1952 S. Franca F 10 ans et !"/,5 10 ans et 19/1, 137 
25 1952 G. Pierino M 19 ans et 5/1. 19 ans et °/1. 144 
26 1952 M. Franca F 8 ans et °/,, 4 ans 25 
27 1952 M. Fausta F 12 ans et 4/,, 8 ans 134 
28 1952 B. Aurora F 13 ans 12 ans et */,, 152 
29 1953 B. José M 9 ans et 5/1. 8 ans et 9/1. 128 

30 1953 D. Angela F 3 ans et °/,, 3 ans et °/,5 18,5 
31 195% V. Giovanni M 11 ans et ?/,, 11 ans et !/,. 135 
32 195% L. Pierino M 10 ans et %/,5 6 ans 137 


Au milieu de ces termes, ce de «nanisme insulaire» nous semble done pré 


férable; mais il peut se préter aussi & quelque confusion. 

On connait bien que chez les enfants diabétiques traités par l’insuline, o1 
voit paraitre quelques fois une hépatomégalie trés remarquable, associée a u1 
retard considérable de la croissance de la taille, qui peut aboutir 4 un nanism: 
véritable. D’aprés le nom du clinicien francais, qui a pour le premier décri‘ 
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' (BL 


flinique pédiatrique de Université de Génes depuis 1942 jusqu’a 1953. 


= 
— Poids, kg Définition auxologique N. 
28 33,500 +lan et Pachysomie 
6,5 2 ans et 2/12 22,600 —4 ans Cachexie (microsomique) 2 
lan et 5/,, 42,600 —lan et Macroleptosomie 3 
13 Vie 13,500 -- 2 ans et 5/,, Leptosomie 4 
t 22,200 —lan et Leptosomie 5 
+ 2/19 24,100 —lan et Leptosomie 6 
[27 + 23,600 lan et 4/,, Leptosomie 7 
Lan et 15,300 3 ans et Cachexie {microsomique) 8 
139 2 ans et 25,900 Macrosomie 9 
16,5 lan et 2/1. 16,000 — 3 ans et 9/1. Cachexie (microsomique) 10 
7 lan et */,5 38,600 lan et 3/1. Macroleptosomie 11 
36 2 ans et 7/12 27,100 4 ans et 3/). Cachexie (microsomique) 12 
25,5 12 22,900 Ty posomie 14 
12 12 19,000 lis Typosomie 15 
25 lan et °/,. 26,000 lan et 4/,. H yposomie 16 
09 12 15,000 lan et °/,. Leptosomie 17 
32 ad Pr 22,600 2 ans et !/,5 Leptosomie 18 
35 2 ans 29,500 2 ans et 3/,5 Hyposomie 19 
06 15,100 an et Leptosomie 20 
85 12 11,700 — 4/9 Typosomie 21 
34 2 ans et 25,800 Macrosomie 22 
16 19,500 Typosomie 
37 12 28,700 ] an Leptosomie 24 
14 5 ans et 8/15 31,600 -7 ans et 2/,, Nanisme 25 
25 "lie 21,800 lan et 7/1. Leptosomie 26 
34 2 ans et 2/15 26,000 ~ 3 ans et 4/,, Cachexie (microsomique) ref 
35,300 —lan et %/,, Leptosomie 28 
28 . 21,700 —2 ans et 7/,, Leptosomie 29 
18,5 15,500 Slee Typosomie 30 
5 ’ 25,200 —2 ans et 4/1. Leptosomie 31 
29,200 = (an Leptosomie 32 


‘ tableau clinique, on parle, en ces cas, de syndrome de 
| y a toujours une glykogénose sécondaire et de conséquence le nanisme que 
| on y remarque, a la méme ¢tiologie du nanisme que l’on peut voir au cours 
«e@ la maladie de von Gierke et des autres maladies qui donnent lieu 4 une 

rofonde perversion des fonctions métaboliques du foie («nanismes hépati- 
‘ ues»). Je ne m’occuperai pas ici de ce curieux syndrome, auquel un auteur 


Mauriac (1930). Ici 
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allemand, WINDORFER (1953), a dédié trés réecemment une étude bien étendue. 
Je me borne ici 4 faire remarquer que le syndrome de Mauriac mérite aussi 
d’étre classé au milieu des nanismes insulaires, car la maladie premiere est 
toujours le diabéte sucré. On pourrait parler de nanismes insulaires hépato 
mégaliques en antithése avee les nanismes insulaires anhépatomégaliques. 
Mais cette distinction aussi nous parait inéxacte, car chez les enfants dia 
bétiques, on le sait trés bien, on peut voir paraitre, surtout lorsque le traite- 
ment insulinique dure depuis longtemps, une modeste hépatomégalie, qui 


nest pas donnée par un exces de depot de glykogéne, mais au contraire par 


la stéatose ou par la cyrrhose. 

Je crois done qwil vaut mieux, comme j’ai proposé jadis (DE TONT 1946) 
de nommer syndrome de Nobécourt, le tableau clinique que ce pédiatre francais 
a décrit, pour la premiére fois, comme nous l’avons dit tout a Vheure. 

Apres la découverte de Vinsuline, l'étude sur les rapports entre diabéte 
sucré et croissance de la taille des enfants, sont devenus tout de suite assez 
nombreux. Nous nous bornons a citer les travaux de JOSLIN, Root et WHITE 
(1925), PRIESEL et WAGNER (1926), SPENCER (1928), BoyD et NELSON (1928), 
PRIESEL et WAGNER (1930), WHITE (1932), NoBEcoURT et DucaAs (1934), 
LADD (1936), WAGNER, WHITE et BOGAN (1942), BEAL (1948), HERNBERG 
et HEIKEL (1951) ete. 

Les premiers résultats de ces recherches ont été un peu discordants. Les 
auteurs nordaméricains ont cru pouvoir conclure que les enfants, au moment 
ol. commence le diabéte, montrent la tendance a avoir une taille plus élévée 
que de norme. Et WHITE ¢crivait : «a stature in excess of the common stan- 
dards... is the general rule.» En Europe on n’était pas absolu comme ¢a, 
dans les conclusions. Quand méme, presque tous les auteurs s’accordaient a 
conclure que le petit diabétique, traité par Vinsuline, a une croissance de la 
taille qui reste toujours un peu en arriére, en comparaison avec ses compa- 
gnons sains du méme Age; mais ensuite la croissance poursuit, 2 un age ot les 
enfants normaux ont achevée leur croissance; de la sorte, a Page adulte, il n’ya 
pas de différence de taille entre les sujets normaux et les diabétiques traités 

A ce propos, je fais remarquer ici, que, selon les recherches plus récentes 
de BEAL, la taille des enfants, au moment du commencement du diabéte 
ne dépasserait pas les valeurs normales; cela en opposition de ce qu’avait 
remarqué la plus grande partie des observateurs américains, avant lui. 

Si nous fouillons les travaux, que je viens de citer, on trouve, en plus, ¢: 
et la, la mention de quelques cas de petits diabétiques, dont la taille étaii 


trés basse, de fagon qu’on pouvait les classer parmi les nanismes. On n’) 
trouvait pas de ’hépatomégalie et de la glykogénose, et de conséquence 01 
ne pouvait pas faire rentrer ces nanismes dans le syndrome de Mauriac. | 
s’agissait done sans doute de ces formes de nanisme, qui doivent rentre! 


(1 
lo 
Ol 
pe 
re 
vi 
ju 
re 
cle 
CO 
ta 
en 
dé 
po 
(cr 
€ 
de 
tai 
de 
er 
CAC 
que 
3 
| ne 
en 
n¢ 
an 


CROISSANCE CHEZ LES ENFANTS DIABETIQUES 599 


selon ma proposition, dans le syndrome de Nobécourt. Nous renvoyons, a ce 
propos, particuli¢rement aux observations publiées par PRIESEL et WAGNER 
(1930) et par WAGNER, WHITE et BOGAN (1942). 

Avec le but d’étudier les rapports entre la croissance de la taille et le déve- 
loppement du diabéte sucré, j’ai recueilli les observations de 32 sujets qui 
ont été soignés a la Clinique médicale des Enfants de Université de Génes 
pendant les douze derniéres années, c’est a dire depuis 1942 jusqu’a 1953. 

Les cas que nous avons pu tenir sous notre observation pendant ces 12 
derniéres années, ne sont pas trés nombreux, on le voit bien; mais on doit 
remarquer qu’en Italie, en général, le diabéte n’est pas une maladie fréquente. 
iit & Génes, en particulier, la maladie est encore plus rare que dans les autres 
villes de l’Italie, peut-étre & cause qu’il n’y a presque pas de commixtion de 
juifs au milieu de la population. Néanmoins examen de la Table, ott sont 
recueillies nos 32 observations, nous permets quelques remarques, au point 
de vue de la croissance. 

Chez 6 de nos enfants, la croissance pouvait étre considérée reguli¢re, en 
comparaison avee Page (T'yposomie), car Vécart (en plus ou en moins) de la 
taille et du poids ne dépassait pas la valeur d’une année. Chez les autres 26 
enfants la croissance était irréguliére ou bien tout a fait pathologique. 

Ayant égard au poids, nous avons vu un seul enfant, dont la moyenne 
dépassait un peu celle de son age (irrégularité de la croissance, que j’ai proposé 
(vappeler : pachysomie); tandis que chez 23 autres enfants la croissance du 
poids était en arri¢re. Nous avons eu, en particulier, 13 cas de leptosomie 
(croissance arriérée du poids, tandis que la croissance de la taille est normale), 
2 cas de macroleptosomie (croissance arriérée du poids, tandis que la croissance 
de la taille est accelerée), 2 cas @hyposomie (croissance arriérée soit de la 
taille que du poids), 1 cas de nanisme hyposomique (arriération trés forte soit 
de la croissance du poids que de la croissance de la taille) et 5 cas de cachexie 
(croissance trés rétardée du poids; on doit remarquer que chez ces 5 enfants 
cachectiques, la dénutrition était poussée 4 un point tel, quwil y avait un 
ecart en moins de 3 ans et davantage, en comparaison avec les moyennes 
inormales pour lage; mais la taille aussi était un peu en arriére, de la sorte 
que lon aurait pu parler de cachexie microsomique). 

Nous pouvons done conclure que, sur un total de 32 enfants, il y en avait 
“3 avee un poids plus ou moins en arriére, tandis que chez un enfant seule- 
inent la croissance du poids était accelerée. On doit remarquer ici, néanmoins, 
ue cette dénutrition, plus ou moins grave, que l’on voit si fréequemment chez 
“s enfants diabétiques, est un phénomene initial, caractéristique du commen- 
‘ement de la maladie, avant le traitement. Aprés quelques mois, ou mieux 
neore, apres quelques années de traitement regulier par l’insuline, la crois- 
ance du poids redevient normale et quelques fois aussi elle parait au dessus 
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de la normalité. L’enfant pachysomique, que j’ai mentionné tout 4 VPheur« 
n’était pas tombé sous mon observation au commencement de la maladi« 
mais au contraire aprés quelques années de traitement pratiqué ailleurs. Quan: 
méme, chez les enfants diabétiques, la croissance du poids est toujours asse 
irréguliére, comme j’ai pu remarquer en suivant les enfants qui sont tombé 
sous mon observation. Chaque empirement des conditions cliniques es: 
accompagné par une baisse trés brusque du poids; mais je ne m’arrétera 
pas davantage sur cette question, puisqu’il s’agit d’une chose déja trés bie: 
connue. 

Il y a plus @interét, 4 mon avis, 4 prendre en examen la croissance de 1: 
taille, qui ne présente pas des oscillations comparables a celles que l’on re 
marque au propos de la croissance du poids. Notre table nous montre que, 
sur un total de 32 enfants diabétiques, la croissance de la taille était tout a 
fait normale chez 20 sujets (c’est-a-dire dans la proportion du 62,5 %). Chez 
4 enfants (12,5 %), c’est-a-dire les deux macrosomiques et les deux macrolep- 
tosomiques, la taille dépassait les valeurs normales pour lage. Une baisse 
assez considérable de la taille, était présentée par 7 enfants (22%), c’est-a- 
dire les deux enfants hyposomiques et les cing enfants avee cachexie micro- 
somique. Nous avons, enfin, remarqué un seul cas de nanisme véritable 
(N° 25). Ce dernier a été objet d'un mémoire, qui a été publié récemment par 
mes ¢léves CRISALLI et COTELLESSA (1953). J’en veux résumer en quelques 
mots Vhistoire clinique : 


Il s’agit d’un gargon qui est 4gé 4 présent de 23 ans et 7/1, (fig. 1). A ce moment. 


la taille est de 149 em (= 13 ans et ?/,.; éeart : — 10 ans) tandis que le poids est de 
31,600 kg (= 10 ans et 1°/,,; écart : — 12 ans et 4/9). Il s’agit done d’une forme trés 


grave de nanisme. 

Le poids de naissance a été un peu au dessous de la normalité (2,800 kg). L’enfant 
a été nourri au sein; premiére dent a 5 mois; premiers pas a 12 mois. L’enfant n’a 
jamais parlé et l’on put bientot comprendre qu’il était sourd-muet. Vers l’age de 5 ans 
ila commencé a présenter des rhynorrhagies, des échymoses, dont la cause fut reconnue 
et on put poser le diagnostic de trombocytopénie (maladie de Werlhof). Les manifesta 
tions hémorrhagiques devinrent toujours plus graves, avec une anémisation tre: 
intense; on crut bien alors de procéder a la splenectomie. Mais cette intervention n 
donna pas une amélioration du syndrome hémorrhagique. Vers lage de 12 ans o1 
remarqua un retard trés considérable de la croissance soit de la taille que du poids 
qui ensuite s’est presque arrétée; en méme temps l’attention était frappée par la faut: 
du développement de l'appareil génital; cela permettait de poser le diagnostic d: 
nanisme-infantilisme d’origine hypophisaire probable. Enfin a Age de 19 ans, on : 
linsurgence d’un diabéte sucré, avec toutes les caractéristiques du diabéte pancréa 
tique. 


Il s’agit done d’un garcon sourd-muet, atteint d’un syndrome hémorrhagiqu: 
du type de la maladie de Werlhof, et d’un infantilo-nanisme du type hypo 
phisaire. Chez ce sujet, 4 age de 19 ans, on remarque l’apparition d’u 
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Figure 1. 


diabéte sucré pancréatique. Je renvoie au mémoire surcité, pour la discussion 
des rapports qui peuvent relier les manifestations assez singuliéres de cet. 
étrange syndrome. Mais il est évident qu’ici le nanisme, ayant précedé de 
plusieures années l’apparition du diabéte sucré, ne peut pas étre consideré 
comme la conséquence de cette derniére maladie. 

On ne peut pas poser la méme affirmation, si l’on prend en examen les cas 
ou le diabéte se présente en frappant un enfant, dont la croissance était 
jusqu’auparavant tout a fait normale, ou méme au dessus de la norme; si nous 
voyons que ces enfants, 4 la suite de apparition du diabéte sucré, montrent 
un ralentissement progressif de la croissance de la taille, aboutissant & un 
nanisme véritable, alors se peut poser véritablement la question de l’influence 
du diabéte sucré sur la croissance de la taille. 

Avec le but de nous renseigner sur cette éventualité, nous avons suivi 
‘éguliérement la croissance de la taille et du poids des 32 enfants, que nous 
wons recueillis dans la table. Chez tous les sujets (hormis, naturellement, le 
cas de nanisme dont nous nous sommes occupés tout a ’heure) la croissance 
de la taille a été normale, ou bien un petit peu ralentie, de fagon a donner 
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limpression d’enfants un peu plus jeunes. Mais cette arriération rentrait 
encore dans les variations normales, ou tout au plus la taille effleurait 4 peine 
le niveau inférieur de la norme. Nous avons eu, cependant, une exception, 
chez une jeune fille (N° 7 de la Table), dont je résumerai Vhistoire clinique. 


D. Antonia. La famille est saine; il n’y a pas de consanguinité; 4 fréres de la petite, 
sont tout a fait sains et normaux. Grossesse et accouchement physiologiques; poids de 
naissance 4 kg. Allaitement au sein maternel pendant 10 mois; premicre dent a 7 
mois; premiers pas & 10 mois; premiéres paroles & 12 mois. Le développement de 
Yenfant a été parfait. La rougeole et la coqueluche, seules maladies souffertes par 
enfant, ont eu un cours regulier. L’enfant était 4gée de 8 ans et de 7 mois, lorsqu’elle 
eut une émotion trés vive, car pendant un jeu, on essaya de J’étrangler. Trois jours 
apres commencérent polydipsie, polyurie et polyphagie. Un médecin appelé, fit 
bientét le diagnostic de diabéte sucré. L’enfant fut envoyée dans ma Clinique, ot le 
diagnostic a été tout de suite confirmé; depuis lors la petite a été toujours sous ma 
surveillance, pendant huit années, et toujours traitée assez reguli¢rement par Vinsuline, 
a la maison, avee des controéles fréquents a la Clinique méme. 

Les variations de la taille et du poids et les définitions auxologiques sont rapportées 
sur ce petit tableau. Les observations sont faites entre 1946 et 1954. 


Age Taille, em Ecart Poids Eeart Définit. auxologique 
8 ans 8/15 127 23,600 an 4/,. | leptosomie 
» YW, 128 28,700 typosomie 
10» 129 26,700 typosomie 
10 » 4. 1303 29,500 ty posomie 
133 la. 31,500 microsomie 
1333 a. */19 32,800 an hyposomie 
12 » %/,, 135 35,000 ne hyposomie 
13» 1373 32,300 hy posomie 
139 2 a. Ais 37,500 as hyposomie 
15» 144 38. 39,400 la. | nanisme simple 
145 43,100 2 a. 7/19 nanisme simple 
» 1453 a. 45,000 2 nanisme simple 
1453 3 a. 40,700 3 a. S19 nanisme hyposomique 
16» 147 4 a. 1/15 44,000 3 a. | nanisme hyposomique 
16 147 4a. 47,300 3a. nanisme hyposomique 


Les données de ce tableau ont été rapportées sur ma «grille auxométrique» 
(fig. 2). L’examen de cette grille nous permets de suivre aisément la marche de la 
croissance de la taille et du poids pendant ces huit années. On peut remarquer qu’au 
commencement de la maladie, la taille était normale, méme un peu au dessus de la 
moyenne, tandis que le poids paraissait au dessous de la normalité (leptosomie). 
Ensuite, la croissance pondérale a été toujours trés irréguliére, tandis que la croissance 
de la taille a montré un ralentissement progressif et regulier, aboutissant 4 un véritable 
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Figure 2. 


nanisme. La photographie de la jeune fille, au moment actuel (fig. 3) nous montre 
qu il s’agit d’un nanisme associé a infantilisme. I] y a en effet a peine une ébauche de 
développement pubertaire et enfant n’est pas encore reglée, a age de 16 ans et 8/19. 

Au commencement de la maladie on pouvait controler assez bien la glycémie et la 
vlycosurie, par moyen de doses assez faibles d’insuline (10-20 unités par jours). 
Ensuite la maladie est devenue plus grave; a présent, méme avec 60 unités d’insuline 
par jour, la glycémie est élevée (400 mg %); enfant a été portée, une fois, année 
passée, a la Clinique, au cours d’un épisode comateux, qui a pu étre aisément dominé. 
Pendant ces deux derniéres années, le foie est un peu augmenté de volume, puisque 
il déborde dun doigt a peu prés de l’arcade costale. La biopsie hépatique, que nous 
avons pratiquée tout récemment, a permis de constater qu'il y a une infiltration de 
vraisse assez considérable; mais il n’y a pas une augmentation du glykogéne. 


D’apres ces données, nous pouvons conclure que chez cette jeune fille, qui 
jusqu’auparavant avait eu une croissance parfaitement normale, a la suite 
de Vinstauration du diabéte sucré, on a eu un ralentissement progressif, de la 
croissance de la taille. Ma grille auxométrique nous montre tres bien que lage 
de la taille était & peu pres normal, c’est-a-dire qu'il correspondait a lage 
chronologique, au moment du commencement de la maladie. Ensuite ’écart 
entre ’age chronologique et lage de la taille est progressivement et réguliére- 
ment augmenté. A présent il y a plus que 4 années de différence de niveau 
entre l’age chronologique et lage de la taille; on peut parler de la sorte d’un 
véritable nanisme, qui est associé 4 un infantilisme. La biopsie n’a pas 
montré une augmentation du glykogéene; on peut donc exclure le syndrome 
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Figure 3. 


de Mauriac. Notre cas nous offre done un exemple trés clair de cette forme 
de nanisme insulaire que j’ai proposé d’appeler «syndrome de Nobécourt». 

Ici se pose une question qui donne beaucoup d’embarras. Pourquoi done le 
diabéte des enfants, qui en général permets une croissance assez bonne de la 
taille, donne lieu chez quelques malades, assez rarement d’ailleurs, 4 un nanisme 
semblable? Il n’est pas faeile de donner une réponse & cette question. En 
1919 NopkcourT avait cru d’attribuer Varrestation de la croissance de la 
taille, par moyen des pertes considérables de sucre, de la part de l’organisme 
de enfant. Il est évident que cette interprétation ne peut pas étre acceptée: 
la perte considérable de sucre est un phénoméne trés fréquent au cours du 
diabéte pancréatique des enfants; cela donné, nous devrions rencontrer plus 
fréquemment des nanismes chez les enfants diabétiques. Cela a été toutefois 
réconnu ensuite par NoBECOoURT, BrpoTt et PARAF (1922), qui ont avoué de 
ne pouvoir pas comprendre, 4 cause de quoi certaines formes de diabéte 
donnent une diminution de la croissance du poids, tandis qu’autres formes 
donnent lieu a un ralentissement de la croissance de la taille. 

PRIESEL et WAGNER (1926) nient que le diabéte soit la cause du ralentisse- 
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iaent de la croissance de la taille; ils pensent 4 une concomitance de deux 
phénomeénes, qui seraient réciproquement indépendants et liés 4 une étiologie 
dégénérative. A lappui de cette thése ils ont remarqué que chez ces petits 
imalades on rencontre souvent d’autres anomalies constitutionnelles (1930). 
Le premier des deux cas que j’ai ici rapporté offre un appui 4 cette these; 
mais Pautre cas, comme nous l’avons dit, était remarquable par la complete 
normalité de la jeune fille, dans tous ses apparats et ses organes. II est difficile 
de parler ici d’une maladie de dégénérescence. Néanmoins nous rappelons 
ici que NOBECOURT et DUCAS (1934), WARKANY et MITCHELL (1938) se sont 
ralliés & Vopinion de PRIESEL et WAGNER et ils ont parlé de «déficiences 
paralléles» dues 4 un facteur étiologique inconnu, en niant Véxistence d’un 
rapport de subordination entre le diabéte et le nanisme. 

Tout a fait différente est la conception pathogénique de GIBSON et FOWLER 
(1936), qui & la suite de la description de 8 cas de nanisme avec infantilisme 
chez des jeunes diabétiques, parlent d’une hypofonction du lobe antérieur de 
lhypophyse. Cette thése est soutenue aussi par WHITE (1939) qui pense a un 
épuisement de l’activité fonctionnelle de ’hypophyse chez des enfants dont 
Vhypophyse était auparavant surchargée de travail. On expliquerait comme 
ca le fait trés curieux que l’enfant, qui est potentiellement un diabétique a 
une taille qui surpasse, en général, la taille normale. 

WAGNER, WHITE et BOGAN (1942) pensent que, lorsqu’il y a un excés de 
dep6t de glykogéne dans le foie, comme on le remarque souvent chez les 
petits diabétiques, il y a un ralentissement de la croissance de la taille, comme 
de régle au cour de la maladie de von Gierke. Et selon MAURIAC (1947) soit 
la glykogénose que l’arrét de la croissance de la taille seraient dus 4 un dés- 
ordre de la «pars anterior» de Vhypophyse. Mais cette interprétation peut étre 
acceptée pour les cas de syndrome de Mauriac. Chez notre jeune fille, nous 
avons dit, le foie a commencé & augmenter quelque peu seulement pendant 
ces deux derniéres années, tandis que le ralentissement de la croissance de la 
taille avait commencé il y a huit années, c’est-a-dire au moment méme du 
commencement du diabéte. En plus, la biopsie nous a montré que le foie 
avait une teneur de glykogéne tout 4 fait normale. 

A ce moment, pour conclure, nous devons nous poser une question : Pou- 

ons nous admettre l’éxistence d’un nanisme insulaire, en faisant abstraction 
ces cas ot il y a une glykogénose comme complication et qui rentrent dans 
'+ syndrome de Mauriac? Chez les cas de nanisme insulaire, que nous avons 
proposé de nommer «syndrome de Nobécourt », pouvons nous conclure que 
'» diabéte doit étre appelé directement en cause dans la génése du nanisme? 
observation attentive des cas qui se trouvent dans la litérature pédiatrique, 
‘autant que l’observation de la jeune fille dont j’ai rapportée tout & Pheure 
histoire, nous montrent que ce réle doit étre réconnu au diabéte sucré. I] est 
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vrai qu’il y a des enfants, je l’ai remarqué souvent moi aussi, dont le diabet: 
est toujours en train d’étre décompensé, des enfants qui vivent presque tou 
jours a la limite du coma, qui présentent souvent des véritables épisode- 
comateux, et dont la croissance de la taille, néanmoins, poursuit d’une faco:: 
tout a fait reguliére. Mais il y a aussi d’autres enfants, bien que cela se vérific 
rarement, chez lesquels depuis le commencement du diabéte, on remarque 
un ralentissement progressif de la croissance de la taille, qui aboutit enfin ; 
un nanisme, presque toujours associé a lVinfantilisme. 

Nous ne connaissons pas le mécanisme éxact, par lequel, une méme maladie 
selon le cas, peut frapper ou bien laisser sans dommage la fonction de 1]: 
croissance. Mais notre ignorance ne nous autorise pas & nier l’évidence des 
faits, tels qwils nous sont montrés par l’examen clinique des malades. 


Résumé 


L’auteur a proposé de donner le nom de «syndrome de Nobécourt» aux 
nanismes que lon remarque parfois au cours du diabéte des enfants; ce syn- 
drome doit étre distingué des nanismes ot il y a aussi hépatomégalie et gly 
kogénose, formes cliniques qui rentrent dans le «syndrome de Mauriac». 
L’auteur étudie la croissance de la taille chez les enfants diabétiques, d’apres 
les données de la littérature et d’aprés lobservation de 32 cas personnels. 
Chez les petits diabétiques traités par Vinsuline, la croissance de la taille est 
assez reguli¢re, bien que, parfois, elle soit un peu au dessous de la normale. 
L’auteur rapporte deux cas de nanisme. Chez le premier il s’agissait d’un 
syndrome d’anomalies multiples (infantilisme, nanisme, syndrome hémorrha 
gique type Werlhof, surdi-mutité) auxquelles s’est associé, aprés plusieures 
années, un diabéete sucré. L’autre cas, au contraire, regarde une jeune fille 
tout a fait normale, chez laquelle, a la suite du commencement du diabéte, 
la croissance de la taille a subi un ralentissement progressif, aboutissant enfin 
a un nanisme-infantilisme. I] n’y avait pas de glykogénose, et a cause de cel: 
on pouvait parler de «syndrome de Nobécourt». L’auteur pense que, parfois. 
a cause dun mécanisme inconnu, le diabéete pancréatique peut entraver I: 


croissance de la taille, par effet d’une action directe sur ’hypophyse. 
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From the Pediatric Clinic, Akademiska Sjukhuset, University of Uppsala, Sweden 
(Head: Professor Bo VAHLQUIST.) 


Cyclic Vomiting with Recurring EEG Changes and Severe 


Course 
A Report of Two Cases 


by BO VAHLQUIST and INGVAR NYLANDER 


The disease picture of intense vomiting in recurring periods is comparatively 
frequent in childhood. When the attacks become manifest without obvious 
‘ause the term cyclic vomiting has been applied. It can hardly be doubted 
that this syndrome, which from a semiological point of view forms an entity, 
may have various underlying mechanisms. 

Vomiting may be precipitated in many ways. In some situations the origin 
is in an irritation of the digestive tract or in a derangement of the internal 
metabolism. Other times the trigger mechanism acts directly on the brain. 
It can hardly be doubted that the reflex mechanism, irrespective of the 
origin of the impulse, will involve a “‘vomiting center”. Animal experiments 
indicate that such a “center” is localized in the dorsolateral border of the 
lateral reticular formation (WANG and BoRISON). 

Investigations by means of EEG and, in rare fatal cases, by autopsy of the 
brain, might give a clue to the mechanism of cyclic vomiting, at least for 
certain types of this disease. In the following a report will be given of two 
children, who were studied by repeated EEG examinations and in one of th¢ 
cases also by means of PAD. 


Case Histories 


CasE 1. C. A., a boy, born March 16, 1943. 


Heredity.—The patient is the first child of two. His 6 year old sister has had eczem 
but is otherwise in good health. Three uncles and a cousin on the father’s side hav 
had asthmatic troubles. The father had vomiting now and then during the first year i 
school, probably as a psychogenic reaction. The maternal grandmother had hemicrani 
of classical type with scintillating secotoma and vomiting. The mother had for man 
years a tendency to vomit in connection with attacks of anxiety, probably endogenous 
in origin. Sometimes the vomiting continued for a day or two. Both parents had pu 
monary tuberculosis in the 1940’s but are now free from signs of active disease. 
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Jan Febr. March Aprit May June July Aug. Sept. Oct. Nov Dec. 


1954 


Fig. 1. The incidence of hospitalization in case 1. 


Social conditions.—The father is a small industrial manufacturer and lives most of 
his time in a town some 90 miles from the rest of the family. This situation has been a 
cause of anguish for the mother, who is inclined to asthenic reactions. The family 
shares a two-room flat with the maternal grandmother. On the whole the emotional 
atmosphere is said to be satisfactory. 

History of illness.—Birth weight 3,450 g. Delivery normal. The boy’s early develop- 
ment was normal; he learned to walk at 1 year, to talk in sentences before 2. Nocturnal 
enuresis continued sporadically until 6 years of age. From the age of two he had now 
and then asthmatic attacks, usually following contact with horse and cattle. He 
contracted whooping cough at 4 years and measles with 6; both diseases were mild and 
without signs of central nervous involvement. From early age the patient showed 
signs of nervous instability, reactions of anxiety, frightened in the dark, tearing his 
nails. From the age of 4, there were periodically attacks of pharyngiai tics with pecu- 
liar grunting sounds. On the whole, however, no contact difficulties in the family or 
at school. His IQ, tested twice, at 9 and 10 years, was 78 and 82. 

In 1947, at the age of 4, the boy had his first attack of intense vomiting. During the 
seven years that followed he had 22 such attacks, all of them necessitating hospital 
care (Fig. 1). The average duration of a single attack was 5—7 days. The disease picture 
was monotonously repeated each time and had the following main characteristics. 

After an initial period of increasing irritability, apathy or disturbed sleep lasting 
for hours or sometimes half a day, the vomiting started rather abruptly. Right from 
the beginning it was intense with only minute-long intervals, preventing completely 
oral administration of food or fluid. Hematin staining was common even on the first 
day. From the beginning he complained of a feeling of ‘‘a lump in the throat’’. Following 
the onset of vomiting the apathy increased and a very slow reaction to external stimuli 
became successively more obvious. For many days he said hardly a word to his parents 
or to the nursing staff. Food as well as fluids were completely refused. After a few days 
the intervals between the vomiting spells increased somewhat. At the same time the 
apathy gave place to increasing restlessness and imperative thirst, which caused him 
to leave his bed and run in search for any fluid obtainable. At first every sip caused 
vomiting, later on small amounts of fluid could be retained. Yet the state of mental 
confusion persisted, with agitation and intense tearing of his nails, on hands and feet 


39 — 547511 A. Wallgren 


y 
d 
n 
). 
e 
s 
e 
e 
( 


610 B. VAHLQUIST AND I. NYLANDER 


Fig. 2. C. A., 10 years old. The picture taken on the 5th day of an attack. 


as well. During the last day of the attack it was often possible to trace the end. The 
confusion vanished, he passed a period when the vomiting tendency could be suppres- 
sed by suggestive measures like promising a reward. Eventually the vomiting tendency 
stopped abruptly and he asked for food. It might take another day before his mental 
behaviour had returned to normal. Body temperature was sometimes subfebrile during 
the first day or two, later on normal during the whole vomiting period. In the intervals 
comparatively little has been seen of neurotic overlap to his basic neurolability. 

In some of the attacks the onset was connected with upper respiratory infections, 
once with a parotitis, but in the majority of attacks no obvious cause could be demon- 
strated, neither somatic nor psychogenic. 
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Fig. 3. Schematic presentation of the EEG findings in case 1. 


Until 1952 the boy had been treated for his attacks at the Ostersund hospital 
(Head: Dr. G. GEzELIus). Later on he was in hospital twice in Uppsala—Nov. 24, 
1952 to Jan. 1, 1953 at the Clinic for Child Psychiatry, and Dee. 9, 1953 to Jan. 25, 
1954 at the Pediatrie Clinic. During the last fatal attack he was once again in hospital 
in Ostersund. 

Physical findings.—Dec. 9, 1953 (free interval). Height 149 cm, weight 38.6 kg: 
He has a slightly bent stature with moderate kyphosis in the thoracic region, sloping 
shoulders and muscular hypotonicity. Slight gynecomastia. (Figure 2.) Oro-pharynx 
normal. Heart and lungs normal. Blood pressure 100/60. ECG: mila signs of sympa- 
thicotonus, otherwise normal. Examination of the central nervous system shows nor- 
mal conditions. X-ray (this time and before) of the complete digestive tract reveals no 
pathological findings. 

Laboratory findings.—Hemoglobin, erythrocyte and leucocyte values normal, in- 
cluding an eosinophilic count of 200 cells/emm and a sedimentation rate of 14 mm/hr. 
ruberculin test: positive (BCG vaccinated earlier). Skin test: pronounced general 
dermographism; isolated strong reaction to extract of horse hair. 

Glucose tolerance test (Dec. 21, 1953, free interval) gave a maximal rise to 170 mg % 
ind a somewhat slow return to normal. Epinephrine test (Jan. 4, 1954, free interval): 
.5 mg gave a hypersensitive response with a maximal rise of the blood sugar to 190 
ing %. Bilirubin on the 5th day of an attack 1.2 mg %, but thymol test and Takata 
reaction normal, alkaline phosphatase 7.4 IE. Serum calcium and phosphorus (free 
nterval) normal. 

EEG changes.—Electroencephalographic examination was performed altogether 
7 times. Bipolar leads were used (RF—RT, RT—RO, RO—LO, LO—LT, LT—LF, 
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Fig. 4a. EEG findings in case 1. 1953, Dec. 31 (10 days before the attack). 


LF—RF). The results are condensed in Figs. 3 and 4. The individual readings are as 
follows.! 

1952, Nov. 25. Seattered 3—4/sec. activity. Otherwise normal findings. 

1952, Dee. 25. Frequent occurrence of 4—7/sec. activity. Episodic high voltage 3/sec. 
activity. 

1953, Jan. 2. Frequent occurrence of irregular 2—7/sec. activity. Worse than Dec. 25. 

1953, Jan. 12. Essentially normal, with only very rare episodes of 5—7/sec. 
activity. 

1953, Dee. 31. Periods of 3—5/sec. activity in moderate number. Isolated sharp 
waves. Hyperventilation induces conspicuously intense responses of high voltage 
activity, partly rapid sharp waves, partly 3—5/sec. activity (Fig. 4 a). 

1954, Jan. 12. Profuse occurrence of episodic high voltage 3—5/sec. activity and 
sharp waves. Grossly abnormal findings (Fig. 4 b). 

1954, Jan. 19. Normal resting activity. Isolated sharp waves following hyperventila- 
tion (Fig. 4 ¢). 

Therapy.—Careful control of fluid and electrolyte balance by rectal or intravenous 
administration was always a necessity. Sedatives such as barbiturates and chloral 
were of little value. The same was true also for a number of other drugs tested: atropin, 
scopolamine, ergotamine, antihistamines, mesantoin. In narcosis the vomiting came 


1 We are indebted to Dr. PErR-Ertk K6ERSNER for kind assistance in interpreting the EEG 


readings. 
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Fig. 4 6. EEG findings in case 1. 1954, Jan. 12 (on the 2nd day of the attack). 


to a temporary standstill. During his stay at the pediatric clinic in Uppsala in January 
1954 a hexainethoniumbromide preparation (Vegolysen, May and Baker) was tested 
with encouraging results. Following an intramuscular injection of 50 mg the vomiting 
ceased more or less completely for 3—4 hrs. Under the influence of the drug the 
patient could even consume fluids and some semisolid foods. Repeated injections had 
the same favourable effect, whereas a single sham injection with saline gave no relief 
at all. The total duration of the period was 5 days, which is only slightly shorter than 
average. 

Final course.—One month after discharge from the pediatric clinic in Uppsala the 
patient went into his last and fatal attack of vomiting on Feb. 25, 1954. From the be- 
ginning the signs were the typical ones but the vomiting persisted for an unsually long 
time. On the night of March 3 his mental confusion and restlessness assumed true 
psychotic proportions with continuous motor activity and intense shouting. At mid- 
night he got a mixture of morphine and scopolamine and then became more quiet 
although never sleeping. At 6.30 he spoke to the nurse and complained of aching knees. 
Half an hour later he went into shock which ended life after another hour. In agony 
he vomited blood. 

Autopsy. (Gross examination at the local hospital).—The stomach and the proximate 
part of the gut are filled with blood. The mucosa in these regions is hyperemic and 
blood imbibated, but there are no signs of ulcer or varix formation. Blood was also 
present in the bronchial tree. The brain did not show any gross macroscopical changes, 
no signs of oedema or hemorrhage. 
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Fig. 4c. EEG findings in case 1. 1954, Jan. 19 (4 days after the attack). 


Microscopical exramination.—(The examination of the brain was performed by 


Dr. P. SouRANDER, Institute of Pathology, Uppsala.) 
Liver.—The structure of the acini is changed. The borders are less distinet than 
normal and the cells in the central parts in many areas show more or less pronounced 


signs of degeneration. 
Myocardium.—Normal findings. 


Kidney.—The cells of the convoluted tubuli show signs of degeneration with loss of 
normal nuclear staining ability and segregation from the basal membrane. In the 
cortex, adjacent to the tubuli, numerous intercellular calcium deposits are observed, 
which are partly coarse in structure, partly formed by minute calcium granules. 


Brain.—The most striking finding is vascular abnormalities of the teleangiectasia 
type in two limited areas of the brain, i.e. the left hippocampal region and the ventro- 
medial part of the rostral pons. In the latter region the abnormality comprises an 
area in the cross section of some 2 3 mm, in the former region a somewhat larger 
area is involved (Fig. 5). In the hippocampal region alone, the brain tissue be- 
tween the abnormal vessels is transformed to a dense fibrous glia sear (Fig. 6). 
Careful examination of the brain has not revealed any other changes of this type 


or other abnormalities. 
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Fig. 5. Schematic drawings indicating the localization of the teleangiectasias in case 1. 

A. Section through the anterior part of the left hippocampal gyrus.—1. Fibrous glia scar with 
teleangiectatic vessels. 2. Inf. horn. lat. ventricle. 3. Optic tract. 4. Amygdala. 5. Hippocampal 
gyrus. 

B. Section through the rostral end of the pons at the border of the mesencephalon.—1. Vas- 

cular malformations of teleangiectasia type. 2. Cerebral aqueduct. 3. Nuclei pontis. 


Summary.—A 10-year-old boy with neurolabile and allergic stigmata and a 
heredity for vomiting and hemicrania presented a picture of severe cyclic 
vomiting from the age of 4. Each period lasted 5—7 days and was preceded 
and accompanied by pronounced mental changes. EEG was definitely ab- 
normal during the attacks but returned to normal soon after. Once an ab- 
normal EEG was obtained 10 days before the onset of the attack. After having 
had 22 vomiting periods in all the boy succumbed to his disease. Microscopic 
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Fig. 6. Teleangiectasis in compact glia tissue in the region of the left hippocampal gyrus. ( x 80.) 


examination of the brain showed vascular abnormalities of the teleangiectasia 
type in the left hippocampal region and in the pons, with glious scar forma- 
tion in the first-mentioned area. 


Case 2.1 A.-C. J., a girl born May 19, 1943. 


Heredity.—The patient is the first child of two. Her sister, born in 1945, presented 
an almost exactly identical disease picture which led to her death in a country hospital in 
1950. This girl had her vomiting periods from the age of 2. At her death at 5, she had 
passed more than a dozen severe attacks lasting each one up to a week or sometimes 
more than that. The attacks were regularly accompanied by profound mental changes, 
intense salivation and itching of the skin. EEG examination was never performed and 
autopsy did not include the brain. 

The father has asthmatic attacks of moderate severity. In adult age he contracted 
an allergy to white cabbage. Consumption of this food causes invariably a Quincke 
picture with oedema of the face. The maternal great grandmother had classical hemi- 
crania with attacks lasting 12—24 hrs. Before marriage the mother had severe colitis, 
whence anus praeter was established between 1937 and 1940. Later on she improved 
considerably. Following the first operation she had a period of severe vomiting lasting 
four days. Also on another occasion an operation produced the same effect. Due to 


1 The authors are indebted to Professor WALLGREN for kind permission to publish the case 
history of this child. 
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Fig. 7. The incidence of hospitalization in case 2. 


pulmonary TB she had a thoracoplasty operation performed. For the time being her 
health is satisfactory but anxiety about the child is always in her mind. 

Social conditions.—The father is a builder. The family lives together with a paternal 
aunt in a two-room flat. Their life is not free from tension. 

History of illness.—Following an uneventful pregnancy the child was born at term 
with a birth weight of 3,580 g. She was fully nourished at the breast for 7 months. 
BCG vaccinated in 1944. No severe ailments have been noted. She has never com- 
plained of headache. Her development has been quite normal. She is a bright child 
with high marks at school. IQ at 8 years, 142. She is somewhat sensitive and shy but 
otherwise quite a normal and happy child. 

In November 1947 she had her first vomiting attack, almost exactly at the same 
time as her younger sister. From then on these attacks have come back again and 
again so that she has now had some 30 in all. In the beginning she was often cared for 
at home but later on every vomiting attack necessitated hospital care (Fig. 7). The 
duration of the single attacks has varied from 1—10 days with an average of 2—3 days. 
Just as for the first case the pattern is identical from one period to another even if the 
intensity and duration may vary. 

Before onset of the vomiting there is an aura lasting for a couple of hours up to half 
a day. Her mood is changed, with increasing irritability paired with apathy. She has ¢ 
feeling of ‘‘a lump in her throat’’, wants to sleep and then awakens with vomiting after 
a few hours. Many times the vomiting has started in the night but there is no regularity 
in this. The vomiting is very intense from the beginning, the stomach content vomited 
is bile stained and not infrequently contains hematin. The volume of the vomit may 
exceed 3—4 liters a day. At the same time intense salivation makes its appearance 
necessitating almost continuous spitting. Usually red blotches appear on the trunk 
and the extremities accompanied by itching, which is, however, never as severe as 
with the sister. During the attacks her mental behaviour is completely changed. She is 
apathetic and negativistic and often does not say a word for days. Although she some- 
times gives the impression of lacking contact she nevertheless listens to her mother 
reading and later on recollects what was presented. At the end vomiting stops al- 
most as abruptly as it started and within the lapse of hours her mental disturbance 
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has also passed away completely. It should be noted, in addition, that the Schirme: 
test was positive, indicating a defective lacrimation. Skin test with various food aller 
gens gave a negative result. 

As in ease | infections have sometimes released the trigger but in the majority of 
attacks no obvious cause could be traced. She tolerates white cabbage well, and the 
mother has not been able to incriminate any specific food. 

Physical examination.—March 16, 1954 (during attack). Weight 37.5 kg (normal for 
her age). Subfebrile. Tachycardia around 120/min. Negativistic. Heart, lungs and 
abdomen all normal. Blood presure 125/80. Culture from the throat: growth of 
hemolytic streptococci. A strongly positive Legal test in the urine proves acidosis. 

EEG changes.—In all, 10 EEG examinations were made in connection with six 
different vomiting periods. Of these, three periods were covered more closely and 
are therefore referred to in Fig. 8 and below. Of the remaining EEG’s one presented 
an exception so far that only moderate changes were observed in spite of a vomiting 
attack going on since 24 hours. The other EEG’s in this series were taken in free inter- 
vals. The five individual readings are as follows:— 

1951, Dee. 7. In the central and post-central regions pronounced 34— /sec. 
activity of high voltage, partially paroxysmal occurrence and with a preponderance 
for the right hemisphere. 

1951, Dee. 17. Predominance of 8—9/sece. activity but still some episodes of 3—4/sec. 
activity appear. Considerable improvement since Dec. 7. 

1952, Feb. 11. Slight dysrhythmia. General occurrence of 4—6/sec. activity with 
some underlying 2 5—3/see. activity. No lateralization. 

1952, Feb. 18. Still a moderate dysrhythmia and occurrence of 4—6/sec. activity. 
Definite improvement since Feb. 11. 

1952, Feb. 27. Profuse occurrence of 4—6/sec. activity of high voltage. Slow waves 
are more numerous in the occipital region with some lateralization to the right. 

Course.—The frequency of attacks has varied, most of them occurring during the 
period 1950 to 1952. On the whole the severity has been somewhat less pronounced 
during later years, not necessitating routes of fluid administration other than the 
rectal one. There has been no obvious deterioration of the capacities of the child, 


intellectually or emotionally. 


Some laboratory findings during an attack. 


Onset of attack on Sept. 13, 1950, at 3 a.m. 


Blood 

Day cl HCO, 

m.eq m. eq. 
Ist! 23.4 + + 106 16 
2nd 23.6 4 94 18 
3rd 22.2 96 20 
4th +4 90 20 
6th 21.9 98 20 
7th 22.2 0 


1 On Sept. 13: Total proteins 7.9 2%. 


Blood sugar 107 mg% Non-protein nitrogen 30 mg%. 
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A-C.J. $ (born 1943) 


EEG EEG EEG EEG EEG 
severely slightly slightly normal % severely 
abnormal abnormal abnormal abnormal 
vomiting v vomiting v y fae 
period riod Period 
5 9 11% 1% 5 > Wa t3 
Dec. Febr. March 
1951 1952 


Fig. 8. Schematic presentation of the EEG findings in case 2. 


Therapy.—In the acute phase fluid and electrolytes have been administrated by 
clysma or during the first periods in hospital intravenously. Otherwise sedatives, 
antihistamines, dihydroergotamine and penicillin have been given without obvious 
effect. In August 1954 the girl once again fell ill in the typical disease picture and 
was hospitalized at the Pediatric Clinic in Uppsala. Vegolysen in a dosage of 50 mg 
im. gave temporary relief just as in case 1. A chlorpromazine preparation (Hibernal, 
Leo) given from the 3rd day in a dosage of 30 mg/day was followed by a definite 
improvement with complete cessation of the attack within 36 hours. 


Summary. An 11-year-old girl has had about 30 attacks of severe vomiting 
from the age of 4. She has a heredity for allergy and vomiting. A. younger 
sister died with a disease which resembled closely the one of the patient. 
The attacks are accompanied by severe mental changes (also preceding in the 
form of an aura), intense salivation, and itching of the skin. In her last 
attack a therapeutic trial with chlorpromazine gave an encouraging result. 
Between the attacks the girl continues to be in an excellent state of health. 
Intellectually she is a very bright child. 


Discussion 


A vast number of publications deal with various aspects of cyclic vomiting 
(-f. MARFAN, SALOMONSEN, STROM). In some respects the two cases presented 
above deviate from the classical picture. The course of the disease has been 
very severe and the mental disturbances unusually pronounced. In case 2 the 
vomiting periods were accompanied by other signs of marked autonomic 
dysfunction with intense salivation, itching and development of erythematous 
blotches on the skin. It is of interest to note that a younger sister had presented 
exactly the same picture, and that this girl eventually died during an attack. 
Many of the signs related in these two siblings resemble those observed in five 


{ 
X 
l 

1 
S 
e 
e 


620 B. VAHLQUIST AND I. NYLANDER 


children by RILEY and co-workers and designated by them as ‘‘central auto 
nomic dysfunction with defective lacrimation”. As a matter of fact our case » 
has a defective lacrimation, too. On the other hand, 4 of the 5 patients i: 
the American investigation showed the picture of cyclic vomiting. 


In both our patients an aura period was conspicuous. Up to half a day, or 


sometimes more than that, the children were mentally severely disturbed 
with irritability, apathy and disturbed sleep. After the onset of vomiting 
these changes were aggravated and, especially in the boy, sometimes reached 
psychotic proportions. Even if the vomiting had continued for many days 
the improvement started strikingly abruptly enabling, almost from one hour 
to another, an increasingly satisfactory intake of fluid and food. The mental! 
disturbances at the same time changed for the better. In the intervals both 
children were well balanced, though with some neurotic signs in the boy due 
to the fear of recurring attacks. 

The result of the HEG examinations is presented in the case histories and 
in Figs. 3, 4. and 8. The evaluation of abnormal EEG’s obtained during intense 
vomiting must be made cautiously since dehydration, disturbances of the 
equilibrium of electrolytes and the like may themselves cause conspicuous 
changes. It is of special interest, however, that abnormalities of the EEG 
were observed in case 1 even 10 days before the onset of an attack. That this 
was not the sign of permanent changes is evident from the fact that other 
EEG’s taken shortly after vomiting periods were normal in appearance 
(Figs. 3 and 4). It seems justified, therefore, to look upon the EEG changes 
as at least partly due to a primary disturbance in the brain. The time sequence 
for an attack thus seemed to be the following one: (a) EEG changes; (b) a 
mental disturbances (aura); (c) a+6+ vomiting. 

In case 2 the EEG showed gross pathological activities during an attack. 
rapidly subsiding during the days to follow. On one occasion the EEG was 
taken 8 days before an attack; but in this case, with generally milder attacks. 
it was not possible to trace any definite prodromal abnormalities. 

At the 8th Northern Congress of Pediatrics in Helsinki 1946 Gram pre- 
sented a case, an 8-year-old girl, with EEG changes of dysrhythmic type. 
It is not clear when the examination was done in relation to the vomitiny 
period. 

DEBRE and co-workers have recently reported EEG examinations in sever 
vomiting. In one of the three children a history of recurring vomiting periods 
could be elicited. In this child, as well as the other two, the EEG examina 
tions during the attack showed grave abnormalities with slow, symmetric! 
activities which were most pronounced in the occipital region. Following re- 
establishment of the acid base equilibrium normal EEG findings were onc 


again observed. 
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In the group of children described by RILEY and co-workers with ‘‘auto- 
nomic dysfunction’? EEG examination showed various types of abnormalities 
in 4 out of 5. 

In case 2 the disease grew successively worse over a period of years, only 
to show, later on, a slight but definite tendency to improve. This girl has an 
intelligence which is considerably above the average. In case 1 the course 
was very severe and eventually led to death. 

It can hardly be doubted that both these children have had a predisposition 
for vomiting which may have been of constitutional as well as of acquired type. 
In both families there was a history of vomiting; furthermore, cases of ty- 
pical hemicrania were known. Obviously hemicrania and cyclic vomiting 
have several features in common and in one and the same family or even 
patient the two diseases may occur simultaneously or in various periods of 
life. To some extent such observations may merely indicate the fact that 
both diseases are especially prevalent in children of the highly strung type 
(cf. VAHLQUIST). 

The trigger mechanism in the single attack deserves special interest. On 
some occasions an acute infection, rarely a psychogenic reaction, has been the 
precipitating agent. In the majority of attacks, however, such a mechanism 
could not be traced and the immediate cause remained obscure. The boy in 
‘ase 1 exhibited an allergy to horse. The father in case 2 reacted with Quincke 
oedema following ingestion of white cabbage, whereas the patient herself had 
no signs of allergy. It is hard to evaluate these observations. COLUONJOU and 
LAIRY-BOUNES recently gave a brief report of a 51-year-old man with vomit- 
ing periods recurring quite regularly every 13—15 days for at least 15 years. 
Their view of an allergic mechanism in this case lacks definite evidence. On 
the whole the allergy theory, also in our cases, lacks sufficient support. The 
fatal case demonstrated morphological changes, commented upon below, which 
probably should be looked upon as congenital in origin and of basic impor- 
tance. But neither in this case nor in the other one can the possibility of allergy 
as a contributory factor be wholly discarded. 

At autopsy of the boy, who died on the 8th day of a severe attack, it was 
not possible to demonstrate any gross macroscopical changes of the brain and 
particularly no signs of oedema. Microscopical examination revealed vascular 
abnormalities of the teleangiectasia type in the left hippocampal region as well 
as in a localized area of the pons. In the former region the surrounding brain 
tissue was transformed to a glious scar. This observation deserves special 
interest, since pathways from the hippocampal region lead to many parts of 
diencephalon (BRODAL). Furthermore, KAADA has demonstrated that an 
increase in tone and peristalsis of the stomach can be induced from the 
hippocampal region just as well as from the hypothalamus. 


40 — 547511 A. Wallgren 
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Teleangiectasia changes in the brain, probably of congenital origin, hav: 
been reported repeatedly. In some 50 per cent of the cases the pons regio; 
was involved. According to Forp, “these lesions are probably not so rar 
as one might suppose, for they are easily overlooked and do not always giv: 
rise to symptoms”. On the other hand, it is well known that such teleangiec 
tasias may give rise to recurring episodes of various types, e.g. epilepsy, sic). 
headache, and possibly vomiting (cf. MICHAEL and LEvIN). It is tempting, 
therefore, to assume a causal connection between the morphological findings 


in the brain and the clinical picture in case 1. Whether similar vascular 


changes contribute to the symptoms in case 2 will probably never be elicited. 

The number of autopsies from children with cyclic vomiting is limited and 
only exceptionally has the brain been investigated more carefully. In a recent 
case of CAYLA and co-workers microscopic examination revealed severe 
degeneration of nerve cells in different parts of the central cortex and the 
brain stem. 

In the therapy control of the fluid and electrolytic balance has been of 
paramount importance in the two cases reported. In the more severe attacks 
intravenous administration had to be applied. In addition all kinds of drugs 
were tested over the years, e.g., various atropine preparations, antihistamines, 
gynergen, mesantoin, ete. On the whole the effect, if any, was slight. During 
general anesthesia, tried once, the vomiting stopped. Of greater interest is 
the fact that injections of a ganglion blocking agent (Vegolysen) gave a prompt 
relief lasting for about 3—4 hours. Even more encouraging was the experience 
with chlorpromazine in case 2. 


Summary 


Two children who presented a picture of unusually intense vomiting attacks 
accompanied by pronounced mental changes are reported. During attacks 
the EEG was grossly abnormal only to become normal within a few days 
following the end of the attack. In one case abnormalities of the EEG could 
be traced 10 days before the onset of a new vomiting period. A hexametho 
nium bromide preparation tested in both children gave definite symptomati: 
relief but had no influence on the duration of the attack as a whole. Thi 
seemed to be the case, however, with chlorpromazine therapy. Autopsy ii: 
one child dying in an attack showed vascular changes of the teleangiectasi: 
type with main localization in the left hippocampal region and in the pons 
in the former region in combination with glious scar formation. 
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From The School of Medicine, Department of Pediatrics, 
University of Pennsylvania, Philadelphia, Pennsylvania 


Viral Hepatitis as Related to Pediatrics 


by JOSEPH STOKES, Jr. 


The following discussion will be concerned with the clinical aspects of viral 
hepatitis because much of the knowledge in this field is concerned with 
epidemiology and control. These are the areas which impinge so closely on 
practice, and particularly on pediatric practice in which the epidemiology and 
control are always so much more interesting and measures taken may be so 
much more effective. 

Whether one speaks of viral hepatitis A—the epidemic disease which appears 
to be also responsible for sporadic cases of hepatitis termed catarrhal jaundice 
and infectious or infective hepatitis—or of viral hepatitis B—the serum hepa- 
titis or homologous serum jaundice, about which much less is known, there 
is apparent among laymen and many physicians an extraordinary lack of 
concern as to the high incidence and seriousness of these infections. 

Of hepatitis A (epidemic hepatitis) during the past year, which is only 
about the third year for reporting such cases in the United States, there were 
approximately 36,000 cases reported (about the same number as for polio- 
myelitis) and this unquestionably represented a relatively small percentage 
of the total number of cases in this country, because physicians have not 
become accustomed to reporting them, and in most rural communities it is 
accepted as calmly and unconcernedly as mild “grippe’’. The fact that a 
gamma globulin—is available, and 


means of prevention and attenuation 
only through health officers, has been more fully publicized and may well be 
responsible for the rapidly increasing number of cases reported. Up to the 
present time there have been approximately three times the number of cases 
reported this year (1954) as during the same period of last year. There are 
probably the same number, or up to double the same number, of cases of 
hepatitis without jaundice which are not readily detectable by the usual 
means and are not reportable or reported. In hepatitis B anyone of us who 
must have a blood transfusion is in imminent danger, because one out of 
every one or two hundred donors is a carrier of the virus. 

There appear to be certain reasons why the lay public and many practi- 


tioners pay too little heed to the disease:— 
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1. Usually in epidemic hepatitis there are no readily detectable warning 
signals of impending disaster, 2. frequently the most serious cases die even 
before jaundice has the opportunity of appearing or just after it appears, 
3. relatively few physicians have experience with a large number of the more 
serious cases, and 4. there are usually little if any fever and other acute 
symptoms and the jaundice is not as readily detected on non-white skins and 
sclerae. These reasons also apply to hepatitis B which is far less common. 

For these reasons also the deaths resulting from viral hepatitis are often 
regarded as chance accidents. Actually the case fatality rate in both diseases 
is approximately 0.2 per cent in individuals of army age and much higher 
than this apparently when certain virulent strains of virus infect groups of 
individuals or when older individuals are affected. A recent outbreak of 
serum hepatitis seen by CRAWFORD (Children’s Hospital of Phila.), and 
apparently caused by contaminated needles in a group of individuals injected 
parenterally at one time by the same individual, had a case fatality rate of 
about 12 per cent (4 of 32 cases) and those who did not die were extremely 
ill. One strain of hepatitis A virus has shown similar exceptional virulence. 
The condition of the patient may alter the severity of the illness as e. g. 
JERSILD’s group of post-menopausal hepatitis with at least a 50 per cent 
mortality rate. Battle casualties and post-operative cases receiving trans- 
fusions of contaminated plasma are also apt to have high mortality rates. 

Fortunately for our age group in which we are primarily interested—infants 
and children—in general, severity of disease is directly related to age in both 
hepatitis A and B, i.e. the younger the individual, the less severe is the 
hepatitis and vice versa. Since hepatitis A has a rapidly diminishing age 
specific rate after 30 years, whereas the age specific rates in hepatitis B seem 
to increase somewhat over 20 or 30 years—as for example in the Virgin 
Islanders who received the contaminated yellow fever vaccine in World War 
II—hepatitis B would cause a relatively larger number of deaths in older 
age groups than hepatitis A. This is particularly true because exposure to 
the hepatitis B virus is far more selective—the selection being made chiefly 
on the basis of those individuals requiring transfusions of whole blood plasma. 
Except for battle casualties who are younger individuals, more transfusions 
are received by older individuals in whom debility and inanition resulting 
from other disease states are common. Although accidents are a major reason 
for transfusions, the age specific rates for hepatitis B would not be greatly 
affected by them since both old and young are involved in accidents. 

These observations concerning the relation of age to severity indicate 
clearly that if one must have viral hepatitis it is better to have it at an early 
age. Since the age specific rates and the presence of large amounts of neutral- 
izing antibody in gamma globulin suggest that most individuals are exposed 
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to hepatitis A at a relatively early age, the question may well be posed by 
every mother of a young infant—if eventually, why not now?—particularly 
if eventually it will usually be more severe than now. In contrast hepatitis 
B, while placing in jeopardy everyone who is the recipient of a transfusion, 
strikes, as mentioned, a far more select group, and thus appears to have a 
relatively low incidence as compared to hepatitis A. Thus the same question, 
if eventually, why not now, could not be asked with respect to hepatitis B. Thus, 
of the two types or strains, hepatitis A appears to be our outstanding problem 
in infaney and childhood. 


Types of Hepatitis A Outbreaks 


The problems of epidemiology and control of hepatitis A may best be 
approached by outlining quite briefly our experiences with 3 methods of 
spread of the virus which we have already reported, but which bring into 
proper perspective the problems of control: 

I. The explosive type (water, food, milk). IT. The more usual fecal-oral mode 
of spread, seen in institutions, schools, the family, and rural communities, 
and III. The endemic transmission of the virus with continuous addition of 


new susceptibles. 


I. Explosive Type 


This is well illustrated by an explosive outbreak in a summer camp in 1944 
which we believe furnished the first direct evidence, to our knowledge, of the 
fact that a virus could be water-borne and cause an epidemic disease under 
natural conditions (4). About 350 of 572 campers developed epidemic jaundice 
within a period of 6 weeks as the result of direct contamination of the drink- 
ing water in the well of the girls’ division of the co-educational camp from a 
nearby cess pool receiving feces of a counsellor who developed hepatitis A 
division was 


5 


on the first day of the camping season. The well of the boys 
contaminated a little later than the girls’ well because water was pumped 
from the girls’ well to the boys’ well shortly after the camp season started— 
the boys’ well having run dry. The epidemic in the boys’ division thus started 
a little later. Fecal contamination of the girls’ well was demonstrated by the 
presence in the water of large numbers of E. coli by at least a ten-fold in 
crease in nitrogen and ammonia in the drinking water when the suspected 
cess pool was flushed with water and by a fecal odor of the drinking wate 
following this procedure. Final evidence was obtained by administering 
samples of the contaminated water to volunteers, 3 of whom later developed 
evidences of hepatitis. Milk and food could be eliminated in this case. 
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Gamma globulin in the large dosage of 0.15 ml per lb body weight for the 
first time was used successfully in the protection of a group of the campers; 
a result which led to its immediate successful use in the severe outbreaks in 
the Mediterranean Theater in the fall of 1944. 

In later reports from other workers, milk (3) and food (5) were incriminated 
in other outbreaks and also later a number of waterborne explosive outbreaks 


have been reported. 
II. Slow Fecal-Oral Spread 


This method of spread of the hepatitis A virus results in a slow burning 
out of the epidemic over a period of several months, because of the long in- 
cubation period and a method of transmission which is relatively complicated 
in contrast to the air-borne route. 

An interesting epidemic of this type has recently been studied by Drake (2) 
and his co-workers from our Department of Pediatrics at an institution for 
retarded males in New Jersey. When the epidemic started in 7 cottages where 
the inmates in each cottage ate, slept, and played together, they eliminated 
all males over 33 years of age from the study. Among the 424 remaining 
males, approximately one-third of each of 3 cottages received gamma globulin 
intramuscularly, .01 ml/lb body weight, while one-third of each of the other 
4 cottages received gamma globulin intramuscularly .005 ml/lb body weight. 
For the following 15 weeks 8 liver function tests were performed by 3 tech- 
nicians on all 424 individuals in the study once weekly. The epidemic con- 
tinued in all groups throughout this period of 15 weeks but without jaundice 
in both injected groups (except for the first week after injection) and also 
later with a single exception in both injected groups. In contrast, cases with 
jaundice continued in considerable numbers in the 2 control groups, i.e. the 
control groups for the 3 cottages and the 4 cottages respectively. 

There were 49 cases of hepatitis with jaundice and 85 cases of hepatitis 
without jaundice distributed proportionately among the 7 cottages, in the 
combined control groups of 267 individuals. In contrast there was one case 
of jaundice in each of the injected groups of 86 and 71 individuals respect- 
ively, but 31 and 25 cases of hepatitis without jaundice respectively in the 
same 2 groups following the first week from the time of injection. 

The most important result of the study, therefore, was the fact that mild 
and apparently symptomless! hepatitis without jaundice, as indicated by 3 
or more positive liver function tests, occurred in almost as high rates in those 
injected with these small doses of gamma globulin as in the control groups. 

1 Because of the mental retardation of the group, it was difficult to be entirely certain 


of the presence of absence of symptoms. 
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Thus the gamma globulin in a dosage close to the lowest effective range 
prevented the jaundice but not the infection and presumably permitted im- 
munity to develop. This result is quite similar to that of gamma globulin in 
poliomyelitis although at a different dosage level—in which the globulin 
prevents almost all of the paralysis between the first and fifth week inclusive 
after injection but not the infection—a result highly to be desired and now 
well corroborated by several groups of workers. 

It has been our observation over many years of study of institutions of 
this type that for both air-borne and fecal-oral routes of transmission of the 
infectious agents which we have studied, the contacts are more intimate in 
such aggregations than in the home. Thus the results of these findings may 
in general be extrapolated, with decreasing rates of infection in the following 
order, to homes, rural schools, boarding schools, and finally less homogeneous 
aggregations of varying sizes. Also, we have experienced a combined explosive 
spread and slow fecal-oral spread in different segments of the same community 
when contamination of water apparently existed concurrently with the usual 
slow spread of epidemic hepatitis. 


III. The Endemic Transmission of the Virus with Continuous Addition 
of new Susceptibles 


This type of transmission of the virus apparently is far more frequent than 
the lack of reports in the literature have suggested, because conclusive evid- 
ence can be obtained only by means of volunteers. An endemic transmission 
of the virus in a Chicago orphanage studied by our group together with 
Drs. CAPPs and BENNETT (1) has been too fully reviewed previously to warrant 
more than brief comments here. Since conclusive proof was obtained by means 
of volunteers that the virus was endemic in the run-abouts on the 4th and 5th 
floors of the institution, it seems worthwhile to summarize certain important 
conclusions derived from this study. 

1. The same strain of virus, apparently, that had caused jaundice in 44, 
or 32% of 139 newly admitted student nurses over the period January 1, 
1946 to November 7, 1948 had also caused only hepatitis without jaundice in 
the infants and children under 3 years with a single exception. Careful study 
by Drs. Capps and BENNETT of liver function tests in the infants and children 
indicated about 44 cases of such mild hepatitis without jaundice. 

2. Mothers delivered in the same institution and remaining for relatively 
short periods, as far as could be determined developed no jaundice either at 
the institution or later at home, thus strongly suggesting by negative evidence 
a lack of air-borne spread of the virus. 


3. Water, food, and milk all could be readily eliminated as sources of virus. 
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4. Preparation of stools of 2 children with chronic active liver dysfunction 
administered orally to volunteers caused hepatitis with jaundice in a volunteer 
with the short incubation period usually present in hepatitis A. 

5. Gamma globulin given within the first month to month and one-half 
(.06 ml. per lb) to 36 incoming student nurses temporarily stopped the frank 
disease for about 10 months, with the exception of one nurse who became ill 
with hepatitis within two days of the time of her injection. The occurrence 
of the disease in this nurse indicated that hepatitis had continued endemically 
in the institution. 

6. When the gamma globulin was stopped on Sept. 1, 1949 and 20 new 
student nurses were admitted, 9 of them had hepatitis within the following 
3 months, while of the 36 nurses admitted during the 10 month period men- 
tioned in the previous paragraph, none had the disease with the exception 
of the one who received it too late and also one nurse who had failed to be 
exposed to the children on the 4th and 5th floors until after the 20 new nurses 
were admitted. This result strongly suggested an active immunity in the 36 
nurses (minus the one injected too late) by means of passive-active immuniza- 
tion—the active immunity developing from their exposure to the virus during 
the waning passive immunity produced by the gamma globulin. This result 
confirmed other previous experiences of a similar nature with respect to 
passive-active immunization. 

7. When finally the nurses were instructed in the care of the rectal thermo- 
meters, of the diapers, and of the washing of their hands, the endemic disease 
stopped abruptly, at least among the nurses, and no case of jaundice has 
occurred subsequently in the institution to our knowledge. 

It is our impression that we have seen many gastro-intestinal disturbances 
in other institutions with an occasional case of jaundice in young children 
and infants which could well be caused by an endemic viral spread of this 
type. The infants and children in the Chicago orphanage were mistaken for 
cases of mild gastroenteritis without relation to hepatitis A virus. 

The acceptance of gamma globulin as an invaluable tool for control of 
hepatitis A has been somewhat retarded by the extraordinarily interesting 
paradox that blood or pooled plasma will produce a high incidence of viral 
hepatitis and at the same timg protect against viral hepatitis. Studies with 
gamma globulin, which represents the concentrated antibodies in pooled 
plasma have greatly aided in resolving this paradox by separating to an extent 
the two broad classifications of hepatitis A and B, since gamma globulin is 
highly effective in protecting against hepatitis A and generally ineffective 
against hepatitis B. This strong evidence for antigenic differences of most A 
and B strains studied, has been further supported by reciprocal cross immu- 
nity studies with 2 strains of virus (Akiba and Fort Bragg) by our group of 
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workers and a cross immunity study between strains of A and B hepatitis vi- 
ruses in at least one direction by Dr. HAVENS. The fact remains that the gamma 
globulin as produced by the ethanol fractionation method of CoHN, ONCLEY, 
and their co-workers has not produced hepatitis B following many thousands 
of intramuscular injections, despite the fact that pooled plasma from which 
it is prepared is highly infective. It is of particular interest that gamma 
globulin prepared by the new zine precipitation method from infective plasma 
known to contain a titer of hepatitis B virus of at least 10-4 has not been 
free of this virus as demonstrated by MuRRAY in volunteers. This indicates 
even more strikingly the antigenic distinction between at least certain strains 
of the two groups of hepatitis viruses. 

Two recent and interesting corroborative reports from HsIA end GELLIS 
and from ASHLEY, in Boston and Main respectively, on the protection of 
individuals in home contacts by means of small doses (.01 ml/ib) of gamma 
globulin again have emphasized the value of this tool. 

Thus it will be noted that, as in measles, although no adequate means of 
growing the virus or of serologic tests are available, nevertheless a biologic 
material, gamma globulin, has become a tool for control of all 3 types of 
outbreaks of epidemic hepatitis outlined above. Indeed this tool for control 
becomes a particularly important one when it is apparent 1. that a single 
attack of the disease in all probability produces permanent immunity, 2. that 
infection is usually quite mild in early life, and 3. immunizing infection may 
be produced successfully when superimposed upon the waning passive im- 
munity conferred by gamma globulin, or also presumably when conferred by 
an immune mother to her new-born infant. 

Probably under the more primitive living conditions of equatorial areas 
passive-active immunization in hepatitis A occurs naturally during the period 
of waning immunity conferred by the mother on her new-born infant and the 
disease may well remain endemic—permanent immunity being acquired by 
means of inapparent infections during infancy or early childhood. The endemic 
spread with production of an immune population at an early age appeared 
to be present in southern Italy as suggested by the presence of severe epide- 
mics of the disease in the Mediterranean Theatre with U.S. Army during 
World War II in the face of its absence in the surrounding population with 
constant intimate contact. Although this epidemiologic picture as yet lacks 
serologic confirmation, the evidence is sufficient to suggest a close parallel 
to the endemic spread of poliomyelitis under conditions which permit closer 
contact at an early age. In fact both of these epidemic diseases which appar- 
ently produce permanent immunity may well be considered to an extent as 
man-made, in that separation of dwelling units and improvement of sanitation 
have slowly increased the age levels and numbers of susceptibles to a point 


at 
mo 
she 
the 
she 
fre 
eli 
on 
m 
an 
ak 
m 
he 
pe 
di 
vi 
he 
of 
by 
h: 
n 
ir 
d 
W 

I 

a 
n 

t 

a 

i 

( 

| 


VIRAL HEPATITIS AS RELATED TO PEDIATRICS 631 


at which the numbers of frank clinical cases are extensive and the disease 
more severe. 

Our attack on them should therefore mimic the primitive—the individual 
should be young, preferably in early infancy; the virus should be given by 
the natural route; the virus should be active and not too attenuated; there 
should be some antibody present, but not sufficient to prevent infection. 

I have had the interesting but unfortunate privilege of watching three 
frank diseases, measles, mumps, and epidemic hepatitis slowly fade into 
clinical non-entities by successive passages of the three viruses in the embry- 
onated hen’s egg, followed by back passage to man. In one of these diseases, 
mumps, it was readily possible to determine the presence of the virus in large 
amounts in chick embryo fluids by complement fixation tests despite the 
absence of any symptoms in children inoculated by mouth with the same 
material. The absence of such serologic tests in measles and epidemic hepatitis 
has severely hampered progress in these fields, and in all three viruses late 
passage material has failed thus far to produce solid immunity to the frank 
disease. It is interesting that the production of the 17 D strain of yellow fever 
virus has been exceptional in that an active virus, produced by such passage, 
has still been highly effective in active immunization against this disease. 
This strain of passage virus in yellow-fever differed from the passage strains 
of the other diseases, however, in that it was a very active mutant. 

Inasmuch as the activity of different batches of skin test material prepared 
by the Drs. HENLE from irradiated infected amniotic fluid of the chick embryo 
has varied so greatly, such testing has proven impractical except as an experi- 
mental tcol and efforts to obtain passive-active immunization, or active 
immunization alone with such material would also be impractical. 

The doses of gamma globulin apparently required for attenuation of the 
disease when given either shortly before exposure or after exposure up to 
within about 7 days of the end of incubation, are so small—1 ml for a 100 Ib 
child, or 0.2 ml for a 20 Ib infant—that the control of all three types of spread 
I have discussed seems relatively simple for a short period in any of the 
aggregations mentioned. Actually one need only erase by globulin the one 
major evidence of severity, the jaundice, and permit the infections to con- 
tinue. However, when infections continue without symptoms it becomes 
almost impossible to detect them and thus to determine who should be injected 
with the globulin. However, the small dose required and the length of the 
incubation period permit those at risk to be injected at about 7-8 week inter- 
vals with a minimum of discomfort. Two such injections are sufficient to 
cover the usual outbreak and only a single injection for the explosive type of 
outbreak in which many cases would have already occurred before the glo- 
bulin could cause a reduction in incidence. 
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There is no practical way of mimicking the primitive in hepatitis A at 
present except in permitting children at an early age to be exposed following 
the use of gamma globulin. Deliberate exposure has its difficulties because 
there are apt to be other viruses present in stools—viruses against which 
much larger doses of gamma globulin may be required. 

A school outbreak must be followed into the homes in order to permit 
attenuation of the disease among the adults in the household, since it is among 
these that the more serious infections occur. Aliso the attenuation should be 
sufficient to prevent symptoms since active liver disease, even without 
jaundice, can be extremely debilitating and symptomatic anicteric hepatitis, 
on occasion, may become a grumbling chronic active hepatitis. Actually the 
chain of viral spread can probably be broken more easily in the home than in 
the school itself. Two studies we have conducted with passage of nasophar- 
yngeal secretions from cases of hepatitis A obtained previous to, during, and 
after the appearance of symptoms, furnished strong evidence that the virus 
was not transmitted by way of these secretions or by the air-borne route. 

It should be emphasized that disinfection of drinking water contaminated 
with hepatitis A virus is apparently possible by the usual flocculation, filtra- 
tion, and chlorination process, but such water is not disinfected by the or- 
dinary Lyster bag technique used by the U.S. Army in World War IT. 

The case of hepatitis A in the home should be handled less carefully if one 
wished the rest of the children or adults in the household to have gamma 
globulin and be exposed, and more carefully if cases of even the mildest type 
should be prevented. In the hospital such a case should be handled with the 
same general precautions as a case of typhoid fever, with careful sterilization 
of bed pans and gown technique for the nurses. 
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